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ABSTRACT

This thesis tries to find a mapping algorithm between

Prolog and Pascal languages-. For this purpose, a small sub-

set of Prolog is chosen and translated into Pascal code.

Also, the concept of logic programming and its practical

application in the programming language Prolog, are discussed.

The reader is expected to be familiar with Pascal and Prolog.

Keywords and phrases: Logic programming, Translation, Back-

tracking and Relational Database.
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I. PROLOGUE

A. PROGRAMMING LANGUAGES

1. Conventional Programming Languages

"Conventional programming languages are growing ever
more enormous, but not stronger. Inherent defects at the
most basic level cause them to be both fat and weak: their
primitive word-at-a-time style of programming inherited
from their common ancestor, the von Neumann computer, their
close coupling of semantics to state transitions, their
division of programming into a world of expressions and a
world of statements, their irability to effectively use
powerful combining forms for building new programs from
existing ones, and their lack of useful mathematical pro-
perties for reasoning about programs." [Ref. 1]

2. Software Crisis and Ada

It is virtually a cliche to say there is a software

crisis. This crisis in software production is far greater

than the situation of the early 50's that led to the develop-

ment of high level languages to relieve the burden of coding.

The symptoms appear in the form of software that is nonre-

sponsive to user needs, unreliable, excessively expensive,

untimely, inflexible, difficult to maintain, and not reusable.

There are many ways to improve things a little and they are

being tried. But to achieve a fundamental jump in our pro-

gramming capacity, we need to rethink what we are doing from

the beginning.

A programming language shapes the way we think about

the solutions to our problems. Ideally, we desire a language

that leads us to systems that map directly to the problem

7
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space and that helps us control the complexity of programming

solutions. Is Ada such a- language or is it born dead? It

is time to listen to Hoare.

"I have been giving the best of my advice to this pro-
ject since 1975. At first I was extremely hopeful. The
original objectives of the language included reliability,
readability of programs, formality of language definition,
and even simplicity. Gradually these objectives have been
sacrificed in favor of power, supposedly achieved by a
plethora of features and notational conventions, many of
them, like exception handling, even dangerous. We relive
the history of the design of the motor car. Gadgets and
glitter prevail over fundamental concerns of safety and
economy.

And so, the best of my advice to the originators and
designers of Ada has been ignored. I appeal to you, repre-
sentatives of the programming profession in the United
States, and citizens concerned with the welfare and safety
of your own country and of mankind: Do not allow this
language in its present state to be used in applications
where reliability is critical, i.e., nuclear power stations,
cruise missiles, early warning systems, anti-ballistic
missile defense systems. The next rocket to go astray as
result of a programming ].anguage error may not be an ex-
ploratory space rocket on a harmless trip to Venus: It
may be a nuclear warhead exploding over one of our own
cities." [Ref. 2]

B. TOWARDS A SOLUTION: FUNCTIONAL PROGRAMMING

Just as high level languages enabled the programmer to

escape from the intricacies of a machine's order code, higher

level programming systems can provide help in understanding

and manipulating complex systems and components. We need to

shift our attention away from the detailed specification of

algorithms, towards the description of the properties of the

packages and objects with which we build. A new generation

of programming tools will be based on the attitude that what

we say in a programming system should be primarily declarative,

8
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not imperative. The fundamental use of a programming system

is not in creating sequences of instructions for accomplish-

ing tasks, but in expressing and manipulating descriptions

of computational processes and the objects on which they are

carried out.

An alternative functional style of programming is founded

on the use of combining forms for creating programs. Func-

tional programs deal with structured data, are often non-

repetitive and nonrecursive, are hierarchically constructed,

do not name their arguments, and do not require the complex

machinery of procedure declarations to become generally applic-

able. Combining forms can use high level programs to build

still high level ones in a style not possible in conventional

languages. [Ref. 1]

"This style of programming, also known as applicative
programming and value-oriented programming, is important
for a number of reasons. First, functional programming
dispenses with the ubiquitous assignment operation. As
structured programming is often called 'goto-less programm-
ing.', so functional programming can be called 'assignment-
less programming.'

The second reason that functional programming is im-
portant is that it encourages one to think at higher levels
of abstraction. This is because functional programming
provides a mechanism (functionals) for modifying the be-
havior of existing programs and for combining existing
programs.

The third reason for the functional programming is
that it provides a paradigm for programming large, parallel
computers. As we begin to reach speed of light and other
limitations on computer speed, we can expect to see com-
puters that achieve higher speed by greater parallelism.
Functional programming's absence of assignments, independ-
ence of evaluation order, and ability to operate on entire
data structures provide paradigms for programming these
machines.

9



The fourth reason is its applications in 'Artificial
Intelligence' (AI). Currently most AI programming is done
in LISP, a language which inspired much of the early work
in functional programming. PROLOG is the newest AI pro-
gramming language and has a central role in the Japanese
Fifth Generation [FG] Computer Project, PROLOG is a func-
tional programming language [See Figure 1.1 for a sample
Prolog Program]. Further, since AI techniques are finding
wider and wider applications, functional programming is
important to more than just AI programmers: it is impor-
tant to all programmers.

The fifth reason that functional programming is impor-
tant is that it is valuable for developing executable
specifications and prototype implementations. The simple
underlying semantics and rigorous mathematical foundations
of functional programming along with its high expressive
ability make functional programming an ideal vehicle for
specifying the intended behavior of programs. Functional
programming can serve this function even if no functional
programming language system is available to execute the
program. However, if such a system is available then we
have something very valuable: an executable specification.
This can be used as a prototype implementation to deter-
mine if the specifications are correct, and as a benchmark
against which later implementations can be compared. Thus,
even if the reader never intends to write do functional
programming, it can still be a valuable tool for the for-
mulation, expression and evaluation of program specifications.

Finally, functional programming is important because of
its connections to computer science theory. Functional
programming provides a simpler framework for viewing many
of the decidability questions of programming and computers
than do the usual approaches." [Ref. 3]

C. THE FIFTH GENERATION COMPUTER PROJECT

In April 1982, Japan launched a research project to

develop computer systems for the 1990's. The project, called

the Fifth Generation computers project, will span 10 years.

Its ultimate goal is to develop integrated systems, both

hardware and software, suitable for the major computer appli-

cation in the next decade, identified by the Japanese as

10
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produce(X,Y,Z,U) :- rodl(XY,Z,u,[ )
prodi (Clist,ST,RsltcLanamelPlan ,Hist) Ato)

control test (I namel Hist]f,
act lAction, TIeSTN
prod l (Clist S Ne wSTM l , l n [ n m j i t

prodl1(Clist, Rsl t, Rsit,[I],Aist) . ,s ,lnLnmIlt

recognize (Clist IST ,Rnaine Action)
:-prod rule(Ciass,Ename : Cond => Action),
mem b4r (Class Clist)
hold (Cond, SHT).

hold riC ST N).hold L],r& 'IT) :- holdeach(C,ST ) ,! ,hold(CL,STM).

holdeach (ab sentifl(X)ITMholdeach (abse:ntn ( = Fact 1odecTasetXST)
no X=Fc~holdeach (asntX,STN).

ho lde ach Ifound (X) , TM :-hlec X TK
holdeach X )) :,TI - callea(X)ST.
holdeach X* XIT"
holdeach X,tXjST.n j) :- hoideach (X,STM).

act ([ S'IM STM).N
actb( ctjAL],STDI,New SIM)

:acteazh (Act STM Int STM),!,
act (AL, IntHMT,!'ewSTM).

acteach (delete(X [I )
acteach (delete (X , X Y 1aceah delete (X) I U Ilti)

: aa delete(X),L,L1).
a cteac h isr(),I XL
acteach Ireplac Xy'Z[]ZI )J
acteach re place: X ,Y ;
acteachireplacei YX L Z

:-acffeac (replace(X, Y)L, Li) .
acteach (Else ,ST, SIM) :-call(Else.

Figure 1.1 A Simple PRODUCTION SYSTEM Written in PECIOG



successful, Prolog then recursively executes the goals (if

any) in the right-hand side of the clause, which will by now

have been modified by the results of the matching. When no

match can be found, or when there are no more goals left to

execute, Prolog backtracks. That is it goes back to the goal

most recently matched, undoes the effects of the match, and

then seeks an alternative match.

Clauses are tried for a match in the order they appear

in the program. Goals in the right-hand side of a clause are

executed in the order they appear in that clause. The match-

ing process is actually unification, a process which effect-

ively produces the least possible instantiation of variables

necessary to make the two goals identical.

Prolog's backtracking can be thought of as a generalized

form of iteration. Thus the two clauses for 'ancestor', when

used to satisfy a goal such as 'ancestor(ben,X)', give a be-

haviour when executed by the Prolog equivalent to the follow-

ing procedure:

To generate Zs who are ancestors of X:

first generate Zs who are parents of X;

then for each Y who is a parent of X:

generate Zs who are ancestors of Y.

In fact, some compilers can compile such clauses into code

which is comparable in efficiency with iterative loops in a

more conventional language.

25



This use of logic clauses to define a database gives much

greater power and conciseness than is available in most con-

ventional relational database systems. These systems do not

allow an equivalent recursive definition of the 'ancestor'

relation, for example.

In fact, the logic subset we have been looking at forms

the basis of a general purpose programming language, Prolog.

A Prolog system is essentially a machine which can generate

solutions to a problem by enumerating all instances of some

goal which are valid inferences from the clauses which make

up a "program". For example, if the user presents the query:

answer(X) :- ancestor(ben,X).

Prolog responds with the following list of possible values

for X, representing all the ancestors of Ben that can be

deduced:

X = david; X = jane; X = hugh; X = winifred

The solutions are in fact produced in exactly this order.

How this takes place will not be described.

In Prolog, the ordering of clauses in a program, and the

ordering of goals in the right-hand side of a clause, provide

important control information, which helps to determine the

way a program is executed.

To execute a goal (such as 'ancestor(ben,X)' in the pre-

vious query), Prolog tries to match it against the left-hand

side of some clause, by finding values for variables which

make the clause "head" identical with the goal. When

24



parent(david,hugh).

parent(david,winifred).

parent(ben,david).

parent ben,jane).

The first clause, for instance, may be read as:

"David has a parent HughW'.

Here we have defined a database relation by explicitly enu-

merating its tuples. However it is also possible to define

a relation implicitly, through general rules expressed as

non-unit clauses. For example, here is the definition of the

'ancestor' relation in terms of the 'parent' relation:

ancestor(X,Z) :- parent(X,Z).

ancestor(X,Z) :- parent(X,Y),ancestor(Y,Z).

Read these clauses as:

"X has an ancestor Z if X has a parent Z".

"X has an ancestor Z if

X has a parent Y and Y has an ancestor Z".

Note that the second clause makes the definition recursive.

We can think of 'ancestor' as a "virtual" relation. A pair

<X,Y> belongs to the 'ancestor' relation if:

ancestor (X,Y)

is a logical consequence of the clauses which make up the

database. Thus one can infer, for example, that one of Ben's

ancestors is Hugh, i.e.,

ancestor(ben,hugh)

23
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arguments. This aspect tends to make the logic form of the

query more concise and, it can be argued, easier to compre-

hend. Note the use of ' ' to denote an "anonymous" variable,

which is only referred to once, and which therefore does not

need to be given a distinct name. Quel constraints which are

inequalities map into separate logic goals. The Quel query

as a whole maps into a restricted kind of implication, called

a clause, where the target of the query appears as the con-

clusion of the implication (to the left of the '.-').

Clauses can be used not only to represent queries, but

also to express the information which makes up the database

itself. (It is'this aspect which distinguishes what will be

described here from much other work relating logic and

databases).

In general a clause consists of an implication, which in

the Prolog subset of logic is restricted to the form:

P :- Ql, Q2, ... Qn.

meaning "P is true if Ql and Q2 and ... Qn are true", where

P and the Qi may be any goals. If n = o, we have what is

called a unit clause, which is written simply as:

P.

meaning "P is true"

For example, here are some unit clauses, representing

elementary facts, which serve to define which tuples make up

relation 'parent'.

22
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Read this as:

E is an answer if

E is an employee, dept D, salary S, manager M, age A,

and

A is greater than 40 and

D is a department on floor 1 and

M is an employee, salary Sl, and

S is greater than SI.

Here the identifiers starting with a capital letter, such

as E, D, S, etc., are logic variables, which can be thought

of as standing for arbitrary objects of the domain. Contrast

this with the variables of Quel, which denote arbitrary tu-

ples of a certain relation specified in a range statement.

(Because, in this example, tuples can be uniquely identified

by their first fields, it is natural for the logic variable

corresponding to this field to have the same name identifier

as is used for the tuple variable in the Quel version). For

each tuple variable in a Quel query, there is, in the logic

version, a corresponding goal (also called "atomic formula"),

e.g.,

dept(D,l)

A goal consists of a predicate, naming the range relation of

the corresponding tuple variable, applied to some arguments,

corresponding to the fields of this relation. Quel con-

straints which are identities map into an appropriate choice

of variables or constants (such as '1') for certain goal

21
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Several current relational database formalisms have a

core which can be viewed as no more than a syntactic variant

of a certain subset of logic. To illustrate this, let us

consider an example written in Quel.

range of E,M is employee

range of D is dept

retrieve (E.name)

where E.salary > M.salary

and E.manager = M.name

and E.dept = D.dept

and D.floor = 1

and E.age > 40

In ordinary English, this query means: "Which employees

aged over 40 on the first floor earn more than their manag-

ers?" This query refers to relations:

employee(name,dept,salary,manager,age)

dept(dept,floor)

This query can be expressed in logic (using Prolog oriented

syntax) as:

answer(E) :- employee(E,D,S,M,A),

A > 40,

dept(D,l),

employee(M,_, Sl,_, _),

S > SI.

20
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II. EXPRESSION OF RELATIONAL DATABASE QUERIES IN LOGIC

A. RELATIONAL DATABASES

Development of data base systems was one of the core ele-

ments during the progress in the 70's of computer technology.

How to organize and how to utilize gigantic volumes of data

were the questions. The progress was made by accumulating

experience. Along with it, efforts to organize such exper-

ience theoretically also went on.

Codd's proposal for relational databases was made early

in the 70's, but is only now about to become a major stream

in structuring data bases. This is based on a theory of

"relations". As query languages for the data bases predicate

formulas (relational calculus) and functional formulas (re-

lational algebra) are proposed. These are mutually inter-

changeable. They can be regarded as certain kinds of special

logics, and through the 70's a great deal of theoretical re-

search effort was made in this area.

B. QUERIES AND LOGIC

Relational database retrieval is viewed as a special case

of deduction in logic. It is argued that expressing a query

in logic clarifies the problems involved in processing it

efficiently (query optimization). We want to describe a sim-

ple way for defining a query so that it can be executed by

the elementary deductive mechanism provided in the programm-

ing language PROLOG.
19



Abstract data types with good efficiency. A compiler is
able to transform the Micro database introduced in (1) into
very efficient object codes under a certain restriction.
For example, it transforms a clause in Micro database into
such codes as fetch and store terms directly in a predicate
which represents its internal states.

Refined system data structures. Data structures which
represent the internal state of the system are refined.
Basic predicates which access and manipulate them and
basic protection mechanism are both provided.

Constructs for parallel processing. Necessary parallel
processing constructs for programs controlling external
devices are introduced as simply as possible.

Compared with an ordinary system description language,
PROLOG has far higher level functions, therefore, it is
apt to be thought that it is not appropriate for system
description. But, under natural restrictions and degen-
eration of functions, it is able to guarantee the same
efficiency as an ordinary system description language
does. Examples of these restrictions are: There is no
non-deterministic selection. Unification is restricted.
A term is a variable or a constant. Furthermore, it is
restricted to the parameter binding of an ordinary func-
tional language.

6. The Others

Besides the above, the following functions have to be

researched. They are: Large scale databases, connection with

external databases (relational databases), other search modes

different from top-down and depth-first search, and the im-

provement of backtracking search mechanism.

18
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statement. For example, the introduction of a selection mode

for clauses is possible.

3. Enough Preparation of Programming Tools

Evaluation with backtracking makes debugging very

difficult. This means it is necessary to prepare more power-

ful tools. These include: (1) Debugger, which traps evalua-

tion by error or break, keeps the-environment as it is and

responds to various users' commands, (2) Tracer, which traces

the history of evaluation of specified predicates and varia-

bles and displays it in pretty format, (3) Stepper, which

evaluates program steps one by one and displays various states

by the minute, (4) Editor, which edits clauses with pattern

matching, etc. These tools are combined into one total pro-

gramming system in order to be invoked at any place.

4. High Level Data Structure

It is pointed out that data structures such as sets

and bags which collect elements to satisfy certain conditions,

represented by predicates, are improtant. For this, the most

primitive higher-order predicate is provided to PROLOG as

well.

5. Useful Functions for System Description

Interpreters, compilers, file systems, tools for de-

bugging, etc., a lot of system programs have to be developed.

The Kernel part of them can be implemented by micro programs.

The rest are desirable to be implemented by PROLOG itself.

For this purpose, it is possible to introduce efficient sys-

tem description functions into it. For example, they are:

17



2. Refined Higher-order Extensions

PROLOG is a simple and powerful language based on

first-order logic. For practical use, however, various high-

er-order extensions have to be introduced. What is essential

is still open to discussion. For example, it is said that

higher-order extensions like lambda expressions and predicate

variables are not very essential and first-order logic has

enough ability. In Lisp, for example, the most primitive

mechanism for higher-order programming is that program and

data have the same structure, and that quote and eval func-

tions are provided, which control whether some data structures

are regarded as program or data. This mechanism is introduced

to PROLOG too as a primitive one. The basic data structure

of Lisp is the list (s-expression). To PROLOG, the tuple is

regarded as a basic one. Each term, predicate and Horn clause

is able to be internally represented as a tuple. At the head

of each tuple, the tuple name is placed and the attribute of

this name indicates what the tuple represents. And then, for

composition and decomposition of tuples, unification is ex-

tended and some predicates are introduced.

The most fundamental construct for the control struc-

ture of PROLOG is the cut operation. This operation is very

powerful, but its effect is very hard to understand. So, it

is compared to the goto statement in a conventional language.

It is possible to introduce more structured constructs for

control and banish the cut operation, as we did the goto

16
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it as the basic function. But the current version of PROLOG

doesn't have this construct explicitly. So, we have to in-

troduce it in natural way. To introduce every function of

the abstract data type and to make clear its function for

program specification and program verification remain as a

long term research theme.

It is desired that this extension is made by natural

enlargement of functions which PROLOG has now. PROLOG has

one internal database. In this database, all clauses (unit

and non-unit) are stored. There are predicates which assert

and retract these clauses, and the way to cause side-effects

is to alter the contents of the database with these predi-

cates. This situation can be interpreted as follows: there

is only one abstract data type called internal database.

Consequently, to make it possible to define a number of ab-

stract data types is to make it possible to create a number

of databases, which can be called Micro databases. Various

advantages are obtained by the introduction of Micro data-

bases. For instance,

(a) Side-effects are localized.

(b) Structures are introduced into programs. If a nested
structure is permitted among databases, more compli-
cated program structures can be represented.

(c) Separate compilation becomes available. Clauses which
are not exported, are never accessed from the outside.
So, it is possible to compile calling sequences
(unification) to these clauses.

15



present, it is possible to extend PROLOG efficiently to in-

clude useful functions of Lisp as a .subset. PROLOG can put

a search mechanism with backtracking control into practical

use by using logical formulas (Horn clauses) as language con-

structs and by improving implementation techniques.

It introduces new computer architectures. FG-Kernel

Language will be first implemented on an conventional large

scale computer and then on a high performance personal com-

puter. According to the research plan of the Fifth Generation

Computers, the language will be improved and extended step by

step, based on actual experience and various research results.

And finally, the language will become a machine language for

the target machine of this project. Consequently, the lan-

guage (Edinburgh version) must be such a language as funda-

mentally has all of the appropriate mechanisms for data flow

machines and data base machine architectures supposed as

basic architectures of the target machine. PROLOG has a

great possibility for this, too.

For the above reasons, PROLOG has been chosen as the ker-

nel of Kernel Language. Next, the main features of improve-

ment and extension of PROLOG now under study are enumerated.

We give priority to the arrangment of all primitive and nec-

essary functions over invention of high level ones.

1. Abstract Data Types (Encapsulation)

The usefulness of abstract data types has been well

known and recently most new programming languages have adopted

14



representation), software engineering, examination of various

programming language proposed, etc. The reasons why a logic

programming language (PROLOG) is chosen as the kernel of FG-

Kernel language are summarized below.

It is appropriate for programming of knowledge informa-

tion processing system. List processing, database mechanism

similar to relational database, pattern matching (unification)

which clearly represents the composition and decomposition of

data structure and database research, non-deterministic pro-

cessing, etc. are indispensable processing functions in pro-

gramming of knowledge information processing systems. PROLOG

has all basic parts of these functions, and moreover, is able

to be extended to get more high performance functions.

It gives new paradigms of programming. A non-procedural

representation scheme, high modularity, a happy blending of

computation and database search etc. are new programming

paradigms. These paradigms, what is better still, make it

much easier to deal with programs and programming as formal

objects and give great possibilities to realize a program

verifier and an automatic programming system.

It succeeds to the results of efforts made by current

programming languages. Much has been discussed about the

relationship between logic programming languages and func-

tional languages, and it has become generally appreciated

that these languages will play the leading part in future

programming. To be concrete, also as to Lisp, the function-

al language that is most widely put into practical use at

13
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"knowledge information processing." Even though it may ul-

timately have applicable results, the current focus of the

project is basic research rather than the development of

commercial products. [Ref. 4]

In addition to bringing Japan into a leading position in

the computer industry, the project is expected to elevate

Japan's prestige in the world. It will refute accusations

that Japan is only exploiting knowledge imported from abroad

without contributing any of its own to benefit the rest of

*the world. Hence, the project aims at original research and

plans to make its results available to the international re-

search community. [Ref. 5]

The most intriguing aspect of the project is its commit-

ment to build the Fifth Generation systems around the con-

cepts of logic programming. In the following paragraphs we

trace the roots and rationale for this commitment.

There are many attributes that prescribe a computer sys-

tem; however, the most important one is what language we ac-

cept as the main programming language. For application

areas, the basic structure of software systems and the frame

of computer architecture are all determined by this language.

So in this project, this main programming language, FG-Kernel

Language, seems to be the most important research theme. The

research and development of this language must be carefully

pursued on the basis of systematic studies on various aspects

such as artificial intelligence (problem solving and knowledge

12
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As a final remark, one should note that the Prolog subset

" of logic includes, besides the variables and elementary con-

stants seen so far, objects which are structures. In this

respect, while being similar to many other programming lan-

guages, it is a further important generalization of most re-

lational database formalisms.

In fact, Prolog was not designed with relational database

retrieval in mind, it was conceived purely as a programming

language. The efficiency of processing of Prolog queries

may be discussed. The Prolog-based approach of Chat-80 com-

pares with the strategies used in conventional relational

database systems. [Ref. 6]
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III. TRANSLATION OF A SUBSET OF PROLOG INTO PASCAL

A. PASCAL AS AN IMPLEMENTOR LANGUAGE

Pascal is chosen as an object language for this applica-

tion, because it does have some excellent features. [Ref. 7]

Here is a list of positive aspects:

1) small number of well-chosen keywords,

2) small number of syntax and semantics rules,

3) meaning of Pascal instructions is highly independent
of environment, which promotes portability of programs,

4) excellent data structuring methods,

5) clean and efficient control structuring,

6) excellent for programming "in the small",

7) gives a feeling of reliability,

8) with some care, readability can be kept high.

Pascal is definitely very useful in the following areas:

1) compiler writing, cross assemblers and compilers,

2) text processing,

3) general, off-line utility programs (editors, etc.),

4) treatment of non-numerical data,

5) processing of trees, lists and other complex data
structures,

6) some mathematical problems,

7) construction of portable programs.

We do not want to deal with the existing problems in that

language. This is beyond the scope of this thesis.
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B. PROLOG AND BACKTRACKING

Prolog is a simple but powerful programming language

founded on symbolic logic. The basic computational mechanism

is a pattern matching process ("unification") operating on

general record structures ("terms" of logic). It can be ar-

gued that pattern matching is a better method for expressing

operations on structured data than conventional selectors and

constructors--both for the user and for the implementor.

From a user's view the major attraction of the language is

ease of programming. Clear, readable, concise programs can

be written quickly with a few errors.

Prolog has many parallels with Lisp. Both are interac-

tive languages designed primarily for symbolic data process-

ing. Both are founded on formal mathematical systems--Lisp

on Church's lambda calculus, prolog on a subset of classical

logic. Like pure Lisp, the Prolog language does not (ex-

plicitly) incorporate the machine-oriented concepts of assign-

ment and references (pointers). Furthermore, pure Lisp can

be viewed as a specialization of Prolog, where procedures

are restricted to simple functions and data structures are

restricted to lists.

Prolog differs from most programming languages in that

there are two quite distinct ways to understand its semantics.

The procedural semantics is the more conventional, and de-

scribes in the usual way the sequence of states passed

through when executing a program. In addition a Prolog

28
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program can he understood as a set of descriptive statements

about a problem.

The declarative semantics which Prolog inherits from

logic provides a formal basis for such a reading. It simply

defines (recursively) the set of terms that are asserted to

be true according to a program. A term is true if it is

head of some clause instance and each of the goals (if any)

of that clause instance is true, where an instance of a

clause (or term) is obtained by substituting, for each of

zero or more variables, a new term for all occurrences of the

variable.

The procedural semantics describes the way a goal is

executed. The object of the execution is to produce true in-

stances of the goal. It is important to notice that the or-

dering of clauses in a program, and goals in a clause, which

are irrelevant as far as the declarative semantics is con-

cerned, constitute crucial control information for the pro-

cedural semantics.

To execute a goal, the system searches for the first

clause whose head matches or unifies with the goal. The uni-

fication process finds the most general common instance of

two terms, which is unique if it exists. If a match is found,

the matching clause instance is then activated by executing

in turn, from left to right, each of the goals of its body

(if any). If at any time the system fails to find a match

for a goal, it backtracks, i.e., it rejects the most recently

29
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activated clause, undoing any substitutions made by the match

with the head of the clause. Next it reconsiders the origin-

al goal which activated the rejected clause, and tries to

find a subsequent clause which also matches the goal.

Prolog owes it simplicity firstly to a generalization of

certain aspects of other programming languages, and secondly

to omission of many other features which are no longer strict-

ly essential. This generalization gives Prolog a number of

novel properties. We shall briefly summarize them.

1) General records structures take the place of Lisp's
S-expressions. An unlimited number of different
record types may be used. Records with any number

oof fields are possible, giving the equivalent of
fixed bound arrays. There are no type restrictions
on the fields of a record.

2) Pattern matching replaces the use of selector and
constructor functions for operating on structured
data.

3) Procedures may have multiple outputs as well as
multiple inputs.

4) The input and output arguments of a procedure do not
have to be distinguished in advance, but may vary
from one call to another. Procedures can be multi-
purpose.

5) Procedures may generate, through backtracking, a
sequence of alternative results. This amounts to
a high level of iteration.

6) Unification includes certain features which are not
found in the simpler pattern matching provided by
some languages. One can sum this up in the equation:
Unification = pattern matching + the logical variable.

8) The characteristics of the "logical" variable are as
follows. An "incomplete" data structure (i.e., con-
taining free variables) may be returned as a pro-
cedure's output. The free variables can later be
filled in by other procedures, giving the effect of

30
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implicit assignments to a data structure. Where necessary,
free variables are automatically linked together by
"invisible" references. As a result, values may have

to be "dereferenced". This is also performed by the
system. Thus the programmer need not be concerned with
the exact status of a variable--assigned or unassigned,
bound to a reference or not. In particular, the oc-
currences of a variable in a pattern do not need any
prefixes to indicate the status of the variable at that
point in the pattern matching process. In short, the
logical variable incorporates much of the power of
assignment and references in other languages. This is
reminiscent of the way most uses of goto can be ob-
viated in a language with well structured control
primitives.

9) Program and data are identical in form. Clauses can
usefully be employed for expressing data.

10) There is a natural declarative semantics in addition
to the usual procedural semantics.

11) The procedural semantics of syntactically correct pro-
gram is totally defined. It is impossible for an error
condition to arise or for an undefined operation to be
performed. This is a contrast to most programming lan-
guages. A totally defined semantics ensures that pro-
gramming errors do not result in bizarre program
behaviour or incomprehensible error messages.

C. A SUBSET OF PROLOG (SPROLOG)

For the purpose of this work: we select a small subset of

Prolog and we will call it Small Prolog (SPROLOG). This sub-

set only includes some primitive data structures, such as

atoms and integer numbers. The formal definition of this lan-

guage is given in Figure 3.1.

SPROLOG also has some restrictions. These are:

1) There is no anonymous ( ) variable. This restriction
eliminates the possibility of violation of procedure
naming rule in Pascal,

2) Recursive definition is not allowed,

3) Only nonnegative integer numbers can be handled,
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P<s~rolog> *.=<hued or <bod> [rl rfc>
<rl rfc><rule> orfact> (rl rfc>

(rule>o at : <rue> I<bct>
<fact> <head>
<head> : <prefix>
<body> :=<structure> (,<structure>)
<structure> :=<infix> <prefix>
<infix> :=<asg> expression>
<asg> :: <variable> is <arithmetic>
<expression> :=<relational> <rithmetic>

<aihei><aibeo number>
<arihmeic><vari~able or number> <art operator>

<variable or number>
<pre 1x><produame>

<prefix> <: procname> ( <variable or constant>
1 <variable or constant>))

<ptoclame> ::<small1>
<procname> :=<small> <letter or digit>[. <letter o r digit>
<variable or number> :=<variable> <number>
<variable or constant> :=<variable> I <constant>
<variable> :: <capital>
<variable> :=<capital> <letter or digit>

(<letter or digit>)
<constant> :=atom> I<number>
<atom> : <small>
<atom> :=<small> I<letter or digit>

g<letter or digit>)
<number> ii> (<digit>)
<letter or digit> ::<letter> I <diqit>
<letter> <: <apital> < small>
<capital> A: B1 CIP E FG HIII3 KILIM

<siall> a. b c e 81 k0

<rel operator> :: < <>=
<art operator> : + - *I/

Figure 3.1 SPROLOG in DUE Form

32



'. . , . -- _ " .' . - " "K" " Z-7 -J7 W -' .

4) Any variable or atom may have at most ten characters,

5) Any program must have only one query clause which is
defined as the last rule of the program,

6) Any predicate name placed in the body clause must
have been declared before as a head clause of a rule.
This eliminates taking into consideration the "for-
ward" declarations inherited in Pascal,

7) Arithmetic expressions may have at most one operator.

These restrictions make this implementation easy. But,

we lose the beauty of the problem.

D. DESIGN

We will develop our work by using the following example.

Suppose we have the Prolog program illustrated in Figure 3.2.

Our job is to translate it to a Pascal program. We consider

that all head clauses of Prolog correspond to the function

declarations in Pascal. That is, "pop", "area", "density",

"ans" and "query" are all names of the functions which will

be called by the calls that are placed in the body clauses

anywhere inside the program. The type of these functions is

always boolean. If the body clause does not exist, this

means that this function will not call any other functions.

pop (china 825).
pop {india5861.
area (china, 3380).
area india 11-9).
density (C,;:- op(C P) ,area ICA D is P/A.s ,,C22 -densl i density(C2,D2)}

DI>D2,20*D1<21 D2.
query:-ans (X,7,Z,T).

Figure 3.2 Sample PROLOG Program
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The transfer of parameters defined in the Prolog program

will cause a little problem, because Prolog does not force

the programmer to declare them with the same number and the

same type. For example, "density" might be declared with

many number of parameters in various places in the program.

This leads us to use pointer variables that point to the for-

mal and actual parameters which are stored in the storage

area. This idea facilitates parameter passing among functions

without using variant record declarations and also prevents

the probable translation errors which may result from some

features of Pascal, such as "strong typing" or "type

checking".

We need also to inform the callee about the caller's

name for the following reasons. As shown in the sample pro-

gram in Figure 3.2, the same name may refer to several call-

ees which may have different numbers and types of parameters.

This information will provide a basis for the matching and

binding processes. So, to implement this idea, we will enum-

erate the names of functions and their parameters in the

following simple way.

In Prolog source code, enumerate all names from top to

bottom and from left to right. In the same way, give also a

sequence number to all parameters. So, in the above example,

"pop" will have number 1 and the last name "ans" will be

numbered as 15. Also, the actual parameter of the first "pop"

clause, which is "china", will be the first parameter of this
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program and the formal parameter "T" of the "ans" will get

number 38. Notice that "is", ">" and "<" in the program are

not user defined functions. These are predefined and we will

use them from the library.

We already have some problems. There exists more than

one alternative clause for the names "pop" and "area". It

is impossible to declare two functions with the same name in

Pascal. To solve it, we rename the first "pop" as "popl" and

the second one as "pop2". Also, we need to define another

function whose name is "pop" which will drive all the alter-

natives according to a logical sequence. This process will

be applied to all functions which have alternative clauses.

We continue our example in the following tables.

The first table ("Procedure Table") includes some infor-

mation about the functions (see Figure 3.3). The leftmost

column is the function number. This number will be used

during the execution phase, when needed, to identify any func-

tion. The second column shows the name of tne functions.

seg. function paramleter alternative
Nc. Name pointers pointers

1 pop 1 2 0 0
2 pop 3 4 0 0
3 area 5 6 0 0
4 area 7 8 0 0
5 density 9 10 0 0

pop 11 12 1 2
I area 13 14 3 4
8 is 15 18 0 0
9 ans 19 22 0 0

10 density 23 24 0 0
11 density 25 26 0 0
12 > 27 28 0 0
13 < 29 34 0 0
14 qaery 0 0 0 0
15 ans. 35 38 0 0

Figure 3.3 Procedure Table
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But, ">" or "<" can not be legal Pascal function names.

Later, we can change them to "greater", "lessthan", etc.

The third and fourth columns are all pointers. They point

to the "Parameter Table" (see Figure 3.4) for the associated

parameters of that function. Because the function "query"

does not have any parameters, its parameter pointers do not

point to anything. On the other hand, the last column shows

the alternative clauses of that function. For example, the

functions "pop" and "area" have two non-zero alternative

pointers. In other words, this means that these functions

have two alternatives.

The information about parameters is shown in the Para-

meter Table (see Figure 3.4). The parameter type represents

the type of the parameter. Variables, integers and atoms

will have the numbers 1, 2 and 3, respectively. However,

other numbers which are greater than 3, indicate the exist-

ence of arithmetic expressions. The fourth column of the

table points to the associated function for those parameters.

The last table (see Figure 3.5) renames the alternative

clauses. If we have several functions with the same name,

we rename then and then we will be able to use them with

these names. In fact, these three tables are not so simple

as shown in the figures. The reader may refer to the sample

programs given in the appendices.
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seq. parameter parameter pointer to
No. ame type proc table

1 china 3 1
2 825 2 1

india 3 2
4 586 2 2
5 china 3 3
6 3380 2 3
7 india 3 4
8 1139 2 4
9 C 1 5

10 D 1 5
11 C 1 6
12 P 1 6
13 C 1 7
14 A 1 7
15 D 1 8
16 P 1 8
17 / 10 8
18 A 1 8
19 C1 1 9
20 D1 1 9
21 C2 1 9
22 D2 1 9
23 C1 1 10
24 D1 1 10
25 C2 1 11
26 D2 1 11
27 D1 1 12
28 D2 1 12
29 20 2 13
30 * 9 13
31 D1 1 13
32 21 2 13
33 * 9 13
34 D2 1 13
35 x 1 15
36 Y 1 15
37 Z 1 15
38 T 1 15

Figure 3.4 Parameter Table
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seq. function pointers to
No. Name proc table

1 pop1  1 2
2 pop2 3 4
3 area3 5 6
4 area4 7 8

Figure 3.5 Alternative Clauses Table

E. MEMORY MANAGEMENT AND PROBLEMS

All variables and constants may be handled by using the

dynamic storage feature of Pascal. It seems necessary to

describe four kinds of records to keep a parameter in a heap

area.

The first record ("Procedure Record") contains enough

information about the rule number, function number, and para-

meter number. Also, its last item points to the "Parameter

Specification Record". This record keeps the parameter type,

parameter name, if any, and it also has a cell pointer which

indicates the related Cell. A Cell is itself a pointer which

points to the "Value Record". This record saves the value of

that parameter. The last one has to have the variant record'

specification to store various types of parameters. If a

parameter does not have value, namely an uninitialized vari-

able, the Cell pointer will not show any "Value Record".

To handle arithmetic expressions, che Cell pointer will

point to the associated binary tree for that expression. The
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leaves of the tree are also pointers that point to the re-

lated "Parameter Specification Record". Also, the same idea

can be applied to the list data structures, because it is

possible to represent the list as a binary tree.

The variables that are local to a rule will share the

same storage area via the "Specification Pointer" defined in

its "Procedure Record". This is also true for all the con-

stants of the Program. The same constants, like "china",

will be stored only once. The associated cell pointers will

provide the way for the common storage.

To bind a value to a variable, the Cell pointer of this

variable will point to a "Value Record" which is determined

at the time of matching process. This process will create a

long chain during the execution of the program. Also, the

reverse process is necessary when backtracking and resatis-

fying occurs. At this point, our design and, finally, this

thesis is completely unsuccessful. Due to the storage manage-

ment and the complexity of execution phase, we restrict again

SPROLOG so that our implementation will only be able to exe-

cute the "facts" and one rule which is defined at the end of

the Prolog program. In this case, this implementation will

be useful to define and implement relational databases and

query applications. (Our implementation allows processing

at most 99 different relations).

Now we are ready to translate the sample Prolog program

given in Figure 3.2 into Pascal. Function "pop" and its two
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programs as output. The first consideration is to decide how

the output is related to the input. It is natural to examine

the structure of the source language and to devise for each

element of the language a rule for translating it into tar-

get language code. These rules form a specification of the

compiler's function. The final and generally more laborious

stage of compiler construction involves implementing proce-

dures which efficiently carry out the translation process in

accordance with the specification.

The SPROLOG implementation uses the primitive data struc-

tures, such as integer numbers, atomic constants and simple

variables. List and tree types of data structures have not

been considered. In the design phase we tried to give some

idea for these structures. This requires efficient memory

management processing. From this point, this thesis should

be developed.

Backtracking should be considered as the most important

fact in Prolog implementations. In particular, the existence

of the long chain of variables during the execution phase,

requires much more efficient compilation techniques.

We must sometimes take into account the way Prolog

searches the database and what state of instantiation our

goals will have in deciding the order in which to write the

clauses of a Prolog program. The problem with introducing

cuts is that we have to be even more certain of exactly how

the rules of the program are to be used. For, whereas a cut
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V. EPILOGUE

In this implementation we tried to translate a small sub-

set of the programming language Prolog into Pascal. We dis-

cussed a mapping algorithm and we pointed out some difficulties.

In the literature there are many Prolog implementations.

Many of them are interpreters (see Figure 5.1). For some im-

plementations the reader may refer to references 8 and 9.

Also, for the memory management of Prolog, see reference 10.

name authors implementation

FEOICG F.M. Pereira MACRO (etc.)
(Edinturgh F.C.N. Pereira Dec Tops-10
Univ.) E.H.D. Warren -20

1. Byrd

PEOLCG G. Battani
(Marseille FORTRAN
Univ.) B. Meloni

FECLCG J.F. Sowa(IBM) V N/CN SG. Roberts

PFOLCG/KR
('Tokyo E. Nakashima UTILISP
Univ.)

Figure 5.1 Prolog Systems

So let us review how one might set about constructing a

compiler. Initially, the picture is just a black box with

source programq as input and correctly translated object
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This implementation does not make as efficient use of

time and space as any commercial Prolog compiler or inter-

preter. The translation phase and compiling object code are

all time consuming processes. Object code could be any as-

sembly object code rather than Pascal, because Pascal/VS is

also a slow compiler. On the other hand, it is apparent that

a Prolog compiler spends a lot of its time backtracking.

Backtracking is considered an unusual and expensive event in

most language systems. Since in Prolog backtracking is the

rule rather than exception, much of the challenge of Prolog

implementation is the development of more efficient back-

tracking mechanisms. IRef. 71

It seems that the most important point of this work was

not to write an efficient compiler. Rather our aim was to

find a mapping system between Prolog and Pascal. But, this

process also should be developed.
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As the last step, the translator translates the user

source Prolog into Pascal. The mapping process between

source and object program is given in Chapter 3. The assump-

tions and restrictions we have made before, make Pascal's

"forward" declarations unnecessary. Also, the passing of

integer pointers as parameters between the procedures pre-

vents exhaustive variant record declarations. The probable

recursive declarations made by the user in the source programs

are detected in this phase by using the stack. Also, it is

impossible to translate undefined procedures into Pascal.

This process is handled by using the stack as well.

If there are no compiler detected errors, the Translator

creates a Pascal source program (see Appendix C) which is

called "USER PASCAL". During the creation phase the system

library is used for the predefined procedures. After the

creation of Pascal source code, the Pascal/VS compiler is

called and "USER PASCAL" is compiled and executed. This is

an interactive session. If the programmer is not content

with an answer to his question, he can initiate backtracking

himself by typing a semicolon when Prolog informs him of a

solution.

C. TEST, EFFICIENCY CONSIDERATIONS AND SELF-CRITICISM

A sample program that has been compiled and translated

into Pascal is given in the appendices. All these applica-

tions may be considered as relational database applications.

The conjunction of many subgoals allows the user to define

many queries.
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function proc:boolean;
latel al;
begin

if not(prefix) then
begin

result:=t (.tokenindex.).name;
i:=t (.tokenindex.). linenum;
message
('error... structure expected..
ilstr(result),i);
proc:=false;

end; return;

if point then
begin

proc :=truE;

end return;
reject;

if not(iff) then
begin

re.esult:=t (.tokenindex.) .name;
i:=t (.tokenindex.).linenum;
message
('error... "." or "1:-11 expected..
11str(result) ,i)
Froc:=false;

end; return;

al: if not(structure) then
begin

result: =t (.tokenindex.). name;
i:=t (.tokenindex. ). linenum;
message
('error.., structure expected..
Istr (result) ,i);
proc: =false;
return;end;

if pcint then
begin

proc: =true;

eni; return;
reject;
if comma then

goto al;

roc :=false;
result: =t (. tokenindex.) .name;
i:=t (. tokenindex.). linenum;
message
('error... structure expected..
I Istr (result) ,i);

end; (* proc

Figure "4.1 Main Driver for Parsing SPROLOG
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The compiling process consists of three phases. These

are:

1) Lexical Analyzing

2) Parsing

3) Translation

Compilation begins with a source Prolog file named

"SOURCE PROLOG" which is created as a CMS file. CSee Appen-

dix C for a sample source program). The access to this file

is sequential by the compiler. The token sequence is emitted

by the lexical analyzer. If there is no rejected token, the

parsing phase begins. The parser considers the context of

each token and classifies groups of tokens such as variables,

atoms or integers and also structures (rules, head or body

clauses). For our purposes we introduce the main driver of

the parsing process (see Figure 4.1) for the SPROLOG whose

formal definition has been given in Chapter 3. The user may

examine the other parts of the Parser by referring to the com-

plete program which is given in Appendix B.

The product of parser and lexical analyzer are the tables

described in Chapter 3 and also given in Appendix F, G, and

H. The tables have two main jobs. First of all, the trans-

lator will use them for translation purposes. In fact, they

are all parameters to be passed from user source program to

object program. This makes explicit their second job.

Namely, the executer embedded in the object code will use

them during the execution.
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IV. IMPLEMENTATION AND TEST

A. SOME FEATURES OF PASCAL/VS AT NPS

Release 2.1 of Pascal/VS has several differences from

"standard" Pascal. Most of the deviations are in the form

of extensions to Pascal in those areas where Pascal does not

have suitable facilities. We summarize some of them in

Appendix A so that the interested user may understand the

application programs given in Appendix B without having any

surprise.

B. IMPLEMENTATION

This implementation involves mainly two distinct phases.

The first phase is the compilation process (compiler or

translator) and the second one is the executing process

(executor). The Translator accepts source Prolog and trans-

lates it to Pascal source (object program) by including the

necessary source and run-time routines. Then, the object

program is compiled and executed under Pascal/VS system.

All necessary files are handled automatically without re-

quiring any user intervention. The main difference from a

standard Prolog is that the user is asked to place his query

as the last rule of the program. This rule must begin with

the keyword "query".

47



begin
message(' EXECUTION BEGINS...',O) ;
resatisfy:=false;
sign:=';
while (sign=' ;') do
begin

if guery(gq,1) then
begin

message(' yes',O);
print ;Iermin (term);
readin (term,sign) ;
close Jterm);
resatisfy:=(sign=';');
if resatisfy tben

message(" RESATISF!ING GOAL... '0)
else message(' EXECUTION ENDS ... ' )

end; continue;
message (str(' no'
message(' !XECUTIONE DS....O);halt ;

end;
end. (* main *)

" Figure 3.12 Main Program

p Then the global variable "resatisfy" is set to the "true"

Otherwise execution ends. If "query" does have "true" value,

after the execution, the procedure "print" prints the values

of variables which are declared in the "query".
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function ans 4 ai:inte er) :boolean;
label 10,11, 213,14,9;
begin

if resatisfy then
begin

break(13);goto 13 ;
en d;
10:if (accept(density,1O,a)) then goto 11;

goto 99;
11:1f (accept(density,11,a)) then qoto 12;

if not (ossible(1 hen goto 9;
break (1);
goto 10;

12:±f (accept(greater 12.a)) then qoto 13;
if not (possible (115) then goto 99;
break ( M)
goto 11;

13:1f (accept(lessthan 13 a)) then qoto 14;
if not(possible(12)} t en goto 99;
break (12) ;
goto 12;

14:if okay(a) then
begin

ans:=true;
return;

end;
99:ans:=false

end;

Figure 3.10 Function ANS

Unction quer, 1 6 ai:integer):boolean;
label 15, 6,99
begin

if resatisfy then begin break (15); qoto 15; end;
15:if (accept(ans,15,a)) then goto 16;

goto 99;
16:if okay(a) then

begin
query:=true;
return;

end;
99: query: =falseend;

Figure 3.11 Function QUERY
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transfer passes to satisfy the next function corresponding

to the next clause in the Prolog program. If this function

can not create a "true" value, now the "backtracking" process

begins. The transfer goes to the last tried function, if the

last one has already any alternative to be satisfied. This

checking is made possible by the "possible" function.

The execution sequence may reach to the last "if" state-

ment (in "the density example, the statement labeled 9).

The function "okay" checks the returned values of called

functions in that function (namely, in the "density" example.

They are "pop", "area" and "is") . Finally, it evaluates

them and causes to be assigned a truth value to that function.

The function "ans" (see Figure 3.10) is also created by

the same logic described before. It calls some system func-

tions such as "greater" and "lessthan". These correspond to

the Prolog clauses which contains the relational operators,

">" and "<", accordingly.

The function "query" (see Figure 3.11) corresponds to

the Prolog query given by the user. Its construction is not

different from the other functions described so far. The

Kw actual execution chain starts from this point. Eventually,

the value of this function will be the answer to the user.

Finally, the main body of the Pascal program is illus-

trated in Figure 3.12. Its important feature is to demon-

strate the starting point of the resatisfying process. The

user may request to resatisfy his goal, namely he enters ";"

44
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function densit a,i:integer) :boolean;
label 6,7,8,9,99;
begini

if resatisfy then
begin

bre ak)
e gotoend-

6:if (accept(Fop,6,a)) then goto 7;
qoto 99;

7:if (accept (area, 7 a) then goto 8;
if not (possible ()) then goto 99;
break ( y;
qoto 6;

8:if (accept(ist8,afl then goto 9
if notipossi le(7)) then goto 99;
hreak (7j;
qoto 7;

9:if okay (a) then
begin

density :=true;
return;

.end;
end; density:=falseend

Figure 3.9 Function Density

determine if the context of "resatisfaction" exists. If it

does, then the existing links for binding variables are brok-

en by the "break" and transfer goes to the last function cor-

*responding to the last clause of the Prolog program. In the

*" "density" example, transfer will go to statement labeled 8,

*" if the "resatisfaction" occurs. This transfer will cause the

function "is" to be called.

All "goto's" in the "density" function simulates the

"backtracking" process of Prolog. As noticed, after trying

all possibilities for the "pop" function, transfer goes to

. the last statement of the "density" function. Otherwise, if

any alternative of "pop" returns the "true" value, then
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function accept (function name(a j:integer)
:boo ean;aJ:integer) :boolean;var £:integer;

fcr i:=first(a) to last(a) do
begin

if first(al>last(a)) then leave;
if [naae(a,.)) then
begin

proc(.a.) now:=succ(i) ;
accep t:=true;
return;end;

end ;
acce: =false;rese it (a)

end; (* accept ')

Figure 3.8 Function ACCEPT

job of "accept" is to try all alternative clauses. If there

are no more alternatives to be resatisfied, it returns

"false". The functions "first" and "last" determine the func-

tion numbers of alternatives for any caller function. The

function "resetit" will reset the numbers of alternatives

for the future use.

The structure of the function "density" (see Figure 3.9)

summarizes the resatisfying and backtracking processes in-

herited in the Prolog program. If there is any "resatisfac-

tion" request, the execution sequence has to start from the

rightmost clause to leftmost clause of the Prolog program.

Also, if there is a need for the backtracking, this process

also will begin from the right to the left.

The logical variable "resatisfy" in the "density" func-

tion is a global variable to the program. Its job is to
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function popil (a, i: integer) :I oolean;
begin

function pop2 (a, i:integer): :oolean;
begin

edpop2:=match(a,i) ;

function pop (a i: integer) :boolean;
be gin

case i of
1 :pcp:=popl (a,i)
2:p~p:op2 (a,.)

end; e

Figure 3.6 Function POP

function area3(a,i:integer) :boolean;
begin

an;area3:=match(a,i)
function areaL4(a,i:integer) :boolean;
begin

area4s:=match (a,i);
end;
function area (ai:integer) :Ioolean;
begin

case i of
3:area:=area3 (a,i);
4:area:=area4 la,i)

en;end;

Figure 3.7 Function AREA
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alternatives are shown in Figure 3.,3. Formal parameters "a"

and "i" wh4c-h are defined as integers, are function numbers.

The parameter "a" is the number of the caller as described

in Figure 3.3. The other parameter "i" corresponds to the

callee's number which is driven in the "pop" function by the

"case" statement. The function of the "case" statement

placed in "pop" is very important. All alternatives clauses

will be tried by this construction until the "resatisfaction"

is not required any more or any impossible condition occurs.

The "match" function included in "popl" and "pop2" is

the library function. The unification and binding process

will be made by this function. If its returned value is

true, this means that the "binding" occurred after the

"matching" process.

The function "area" and its alternatives "areal" and

"area2" are shown in Figure 3.7. These functions have been

constructed with the same way as in the example "pop".

Before describing the other functions, we want to note

the importance of "accept" function shown in Figure 3.8.

This is the general driver for all functions. It accepts

any function name and its number as arguments and calls all

possible alternative functions. For example, to call "popl"

or "pop2", "accept" creates functions numbers which will be

used by the "case" statement of the "pop". If any returned

value is "true" during the execution of "for" loop, "accept"

will also return a "true" value. As you noticed, the first
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when a rule is used one way can be harmless or even beneficial,

the very same cut can cause strange behaviour if the rule is

suddenly used in another way. However, the cut operation

would be introduced by defining a function to our implementa-

tion. But, we desired to give importance to relational data-

base applications. For this reason, this operation is missing

in this implementation.

Pascal has been chosen as an implementor language. The

type checking and strong typing implies that careful design

and planning should be considered in the compiler writing

process. In particular, this language does not allow one to

define twice names in the same context. Prolog does not re-

strict this. So, we renamed the user's procedure names when

translating them. However, Ada does allow one to define

procedures with same name (but with different number of para-

meters) in a given context. This language would provide much

more features for this implementation.

As a conclusion we want to emphasize that the programming

language Prolog itself also has more advantages than other

existing conventional programming languages for writing a

Prolog Compiler and also other compilers. Many of the ad-

vantages should be clear from the discussions that we have

made so far. It is important to take into account, not just

the compiler which is the product, but also the work which

must go initially in designing and building it and into sub-

spquently maintaining it.
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To summarize, Prolog has the following advantages as a

compiler-writing tool: less time and effort is required,

there is less likelihood of error and th.e resulting imple-

mentation is easier to maintain and modify. Here is the

last and most important sentence of this thesis: Prolog will

be the programming language of the 20th Century.

,.1
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APZNI k

SOME FEATURES OF PASCAL/VS

SEG Separately comileable modules are supported with the
SEGENTdefinition.

2) "Internal static" data is supported by means cf the
"static" declarations.

3) "External static" data is supported by means of "def"
and "ref" declarations.

4) Static and external data may be initialized at compile
time ky means of the "value" declarations.

5) Constant expressions are permitted wherever a constant
is permitted except as the lower bound of a subrange type
definition.

6).The keyword "range" may be prefixed to a subrange type
definition to permit the lower value to be a constant
expressicn.

7) A varying length character strini is provided. It is
called STRI G. The maximum length o a TRING is s2367
characters.

8) The STRING oerators and functions are CONCATENATE
LENGTH, SIR, SBST R, DELETE, TRIM, LTRIM, COMPRESS and
INDEX.

91 A new predefined type, S7RINGPTR, has been added that
permits the programmer to allocate strinqs with the NEW
procedure whose maximum size is not defined until the
invocation of NEW.

10) A new parameter passing mechanism is provided that
allows strings to be passed into a procedure or function
without requiring the programmer to specify the maximum size
of the string on the formal parameter.

11) The MAIN directive permits the programmer to define a
procedure that may be invoked from a non Pascal environment.

121 Files may be accessed based on relative record number
(random access).

13) The taglield in the variant part of a record may be
an where within the fixed part of the record.

4) A parameter passing mechanism (const) has been defined
which guarantees Jat the actual parameter is not modified
yet does not require the copy overhead of a pass by value
mechanism.

15) "leave" "continue" and "return" are new statemeLts
that Ferpit a tranching capability without using a "gotc".

16) Labels may be either a numeric value or an idetifier.
17) "case" statements may have a range notation on the

component statements.
18) An "otherwise" clause is provided for the "case"

stateent.
19) The variant labels in records may be written with a

ranqge notation.
20) Constants may be of a structured type (namely arrays

and records).

The other features which are not included here, are not
directly related to cur application. The concerned user may
refer to Pascal/VS Manuals at NPGS.
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TEAUSLATOR ?OR SPROLOG

program nprodinput~output) ;
ccrst uax=15 0;-
type trec=record

linenum: integer;
relnus: integer;
name :alpha;
ttype; integer;.
locality: :integer;

end;
ttype=array(.1..max.) of trec;

procrec= record
rulenum; integer;I
relnum:integer;
niame: al.p a;
pt {pe: in teger
re ativity: integer;
pointeri :integer;
~ointer2 :integer;
bg in:integer;

bend :inte qer;
abeg in: iNeger;
ae nd:int eger;
yesno: integer;
callee: integer;
as:ijnteger;
ae :integer;
now: integer;

end; pom:integer;

pacrcrrulenum; integer;
reinwi :integer;
name: a.p ha;
p type: integer;
locality: integer;
pointer: integer;
Intype: integer;
nbind: intqeger;

en-nmatch: bccean;
var t:ttype

line, tof enindex,tbound~i~pend,pbegin:integer;
er:boolean;
Jatetimealfa;result: aljpha;

lexerror,tokererror: boolean;
gocileparazfile listing ,altf ile: text;

Far:array1...ax. of parrec;

alt:array (.1..max.) of procrec;
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procedure cas(comst parustr:string; var rc:integer);
external;

procedure message (const msg:string;valint:integer);
var term:text;
begin

termoutltern)
if Ival3int>O) then
begin~

wri.teln term,,valint; 3 str('.

end writeln blistingovalint:3,str('. )I ms~
else if (valimt=O) then
begin.

writein (term,msg)
writein (listing, msg);

end
else
begin*

writelnlisting,msg, 1 valin,))
end;

end; close(term);
function strien (ccnst instr~string) :integer;
var chset:set of char; j,i:integer;
begin

chse~i:= (. 01'. 191,1 AV. .'zO.)
chset:=chset+Dot (chset);
chset: =chset-(. W4
for i:=1 to length(inAstr) do
begin~

if (instr(.*i.) in chset) then

end j:=succ(j)
ec;strien:= j;
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procedure checktckens;
const maxtoken=17

tyeiegaltoken= i6;

rec= record
res: alpha;

end;
var hashtable:ar ray (.1. .max.) of integer;

tokens:array(.1 .matok n.) of alpha;
totaltoken: integer-
tokenfile: text, bekore :alpha
hashbound, j, reltoken,rule:inieger;
source:string (70) ;
outfile:file cf rec;
pasfile: text

procedure taketofiens;
vrtaken: alpha;
*dummy:integer;

begin 'nm=tknipta)reset (tokenf lenaetoeipta);
while not (eof (tokenfile)) do
tegin

readln(tckenfile,dunmy taken);
taken:=itrim (str (takenf

*eatokens( my.) :taken;
close (tokenf ile);

end
fun~tion identifier: boolean;
var idset:set of char;

i:integer;

if (result (. 1.) in ied)te
begin~

identif ier:=true;
edreturn;

ientiir=re
forti i:=1 to=tre;~t~eut)d
forgi:= osrln( reut)d

beifnotrsl(i)i de te
begn ff

return;
end;

C~;end;
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function atom:boclean;
var idset:set of char;

i:integer;

edatom: =(result (. 1.) in idset);
functicn number: kcolean;
var numset:set of char;

numset: G 1O'0 99,)
numbe r: =tr ue;
for i:=1 to strlen(str(result)) do
begini

if Inot(result(.i.) in numset ))then
begin

number:=false;
return;p end;

end;
end;
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procedure vhichtcken(i:integer);
var jln:integer;*tokenfou nd:bocolean;
static hashinaex :integer;
begin

tokenfound:=false
for j:1l to maxtoien do
begin

if (rpesult=tokens (.j.)) then
begin

hash index:= succ fhashinde x)
lashtable (. hashindex.) :=j;
if j)1egaltoken) then
begin

ln:=t (.i.) . linenun;
message
(lerroneotus token: ' jjstr(result),ln);
tckenerror: =true;

end;
tokerf ound: =true;

en;leave;
end;

if .(not (tckenf ound) ) then
beginei

if identifier then
hashinclex:=succ(hashindex);
haslitable (bashindex.) :succ (maxtoken);

end nd;tckenf oun4: =true;

if inot(tckenfound)) then
begin

if nuater then
begin

hashindex:=succ~hashindex);
hashtable (. hashindex.
-succ (succ (naxtoken))

end-nd;tokenfound: 
ztrue;

if Inot (tokenfound)) then
beginI

if atcm then
begin

hashindex :=succ (hashindex);
hashtable (. bashindex)
:=succ (succ (maxtoken));

end ed;tckenfound: =true;
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if (not (tckenf ound) ) thenI
tokenerror: =true;
ln:=t (.i.)..linenum;
messag9e

end* (error... token===> ti jstr (result) ,ln);

end; hasibound :=hashindex;
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~rocedure putfile(i:integer);

writein (rule :4,reltoken:4,' ',result);
outfilei. res :=result;

en;(.i1:..relnuu :=reltoken;
procedure rejecttcken;
var i j:inteqer- b:ttype; tf:boolean;

.pseset 01 char;
begin

opset:;=II( 1_1 1*1 09/* .
message t'',
for i: Io dLound-1) do

tf::(t.G.1 .name= ':'!
iJt(.i.+1.) name='.-')

end- t(.i.).name:=' 11;

~or i:=1 to ttound do
be gin

tf: =pot (t(.i.).name=' 1));

begi'n

j. name: = t name;
en-end;

ttound:=j;

if (i(.tbound.).name <> 1.1) then
begin

messagg
(v'Warning., no eof? . assumed'

end; on:=uctoud--
rule:=1 reltoken:=1;
for i:=i to tkound do
begin

resu~t:=t {.i.).name;
beinh t(.i.) do

if (identifier or
atom or
LnUmber or

(result (.1, in opset))
then lccalit:U
else locality:=-1;
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end -
putfile (I)if(esul':.' then rule.=succ jrule)
if (Result='.' then reltoken.=(,
reltoken: =succ (reltoken} ,
whichtoken |i) ;

end; ed
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rogedure puttoker;

before: =result,-
totaltoken:=succ tot alto0k entokeindx:=ucctokenindex
t(.tokenindex.) .name:=resultj
tbound :=tokenindex;

end; J*put token *)
procedulre tokenfcund;
var j.:integer;static proc:integer;
value proc:=O;

beitaketokens;
totaltoken:=0;,
reset(pasfile 'name-suc~rlga)
rewrite (outfi ie); suce rlo~
line:=0;
while not(eof(pasfile)) doIheginreadln (Easf i]e, source);

if (source<>str (I IL
then lane:=succl ie);if (source<>strj(' ))
then Ressa ge source, line) ;

source:=ccmpress (source) ;j: =length (source)
1: =1;

begin
token( (isource result);
if (rEsult='.')' then

Froc:=succ prc)
iIresult<>, rthen

begin
if (result='-'j then

if(bef ore=~':') then

end; utkn

en;end;

rewrite (listi ig)
before:=str(la'
tokenerror := false;
to k enf o und;

end; (*checktokens *
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7p tp~ray~.4)o integer;

naxue:al pha;
niimb: nt eger;

end;
var Frec:arra'(. 1.. 12.L) of ye

globl~nllbcolean; ttoken~alp~a;
procedure takeexF;
var expfile:text; i,j:integer;
begin

reset(expfile,'name=exE.input.al');
1* =0
while not (eo f (expf ile) ) do
legin

i : succa)forj:=Plo 7 do
begin

end* read (expfile,a(.i,j.)) ;

en-rea1n (expfile);
end; {* akeexp*)
f royedure give;

pgirec .1. .namie:='+'-
prec .1. .nuati:=5;
prec .2. .name:='-';
prec .2. .nunit:5-
prec .3. : nam4E:-l 4 1
precl.3.1 numt: =5,
prec .4. :name: ''1/1
prec .4. .numt:=5,
prec .5. . name:= '.!I
prec .5. .numt:=6,
prec .6. .name:=w<l;
prec .6. .numt-=7-Iprec .7. .name:=151;prec .7. .numb:=7;
prec .8. :nae:='<>';
prec .8. .numt:=7;
prec .9. :name:='<=';
prec .9. .numk-=7-
prec .10.) nare..=>=V;
prec .10.) .nu ib: =7;
prec .11.) .name: = Ils I
prec .11.) nuzb:=4;
prec .12.) naze:=Iisl;

end; prec .12.) .nuzb:=4;
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function taketokeE:alpha;
begin

if global then
tokenindex:=succ (tokenindex);

null:= (token rd ex>pend);
assert not nl)
if not (null ten

taketoken :t (.tokenindex.) . name
else

taketoken:=-)I;
end; I* taketoken *
prcced ure reject;

tokninex: re(tokeniindex);
end; (*reject*

function left:boclean;
beilef t:=false

if not (nlfthen
end; lef t: =(taketoken= I'

function right:bcclean;
begin

right:=false;
if nct,(null) then

end; right:= (taketoken=)'))

begcin comma: bcolean;
comma: =false;
if not (null) then

end; comma:= (taketoken=',');
function varialle:boolean;
var idset:set of char,

i: integer;
beivariable:=false;

result: =taketoken;I
idset : =(.'a ' . . 1 9
if fresult(.1.) in Ids4 then
begin

variable :=true;
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777 7 V1

progedure pardo(t:trec);
ein

par .tx. .naxe:=t.name;
par tx. type:=t :ttyj

end;, palt~:ocaliy=. caity;

rocedure beginend;
kel al a2;var ~,j integer;
for i:=1 to Ex do
te gin

al 1:=6; j:=O;

i .. >px) tnen return;
until 4 :roc (.i.) relativiLty=')

i: =SuccW,-
if i>px) L!er ] ctc 12*

and; roc(.j,').tL4LL:.
end be~inenl

81



begin
for i:=1 to Ex do
begin

proc (.. ) .abeqin:=O;
proc (: 1.) .aenc:=O.
alt (..) .abegin:=O;

en;alt (.l. i aen :=O ;

for i:=1 to px do
begin

ifr(proc .i..relativity=O) then continue;
if proc .. ) .ptype=6) hen continue;if (proc (...abegin<>O) then continue;
passname:=proc(..). name;
putalter nate (passname,ab,ae);

end putthenumber (passname,ab,ae, 1)
i:=2;
for a:=240 tc 249 dofor b:=240 to 249 do

i.f((a=240 and (b=240)) then continue;i :=SUCC (}

if(i>ax) ten leave;fa<>20) then
alt (.i.).name:=trim(str (alt(.i.).name)) II
else str (char (a) | Istr (chr ))

alt (.i.) .name:=trim(str(alt(.i.).name))I I

end str (chr (b)) ;

call;
end; alternatives *)
roceure procdo(t:trec)

rx:=succ(p X);
FtOC .px.) rulenum:=t.linenum;
Proc .px.) relnum:=t.rel num;
proc .px. name:=t.name;
eroc.px. .ptype:=t.ttype;end; Fol
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procedure call;
var i,ij,j:integer;
begin

for i:=1 to rx do
begin

proc (-i .yesno:=0

end;Proc (.i .callee:=6 ;
for i:=1 to ax do

ij:=alt(.i.) .abegin;

end;P (.ij. ).yesno:=1;
for i:=1 to Ex do
begin

.if proc .i. .yesno=1 then continue;
if proc .i..abegin>D) then continue;
if proc .. .pype=6 then continue;if proc .i..callee>b then continue;
if proc . .relativi y>0) then continue;
for j:= to px do
beginf

. (rcc .j. .yesno=1) then continue;
if proc (.. .abegin>O) then continue;
if proc(.j. .ptype=61 then continue;
if (pcc .J.) .ca lee>D) then continue;
if (prcc (.J. .relativity=o) then continue;
ifIP;zcc I.i. .name<>proc(.j.) name) then
continue:
proc (.j.5.callee:=i;end;

end; nd call *)
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procedure createarrays
var a b i j count efore:integer;
procedure'alternatives;
var i,ab,ae: inte er;

Fassname:alp ba;
a bedint u al ernate

proe~ue passname:alpha; var ab,ae:integer);
var i,j:initeger;
static x:integer;
value x:1l;
begin

ab :=x;
for i: =1 to Fx do
be gin

(.1.)c .rlativity<>O) then continue;1f~rC (...) name<>passname) then continue;

alt (x.) abegin:=proc (.i.) .ralenumn;
ae:=x;

en;x:=succ (X);
if (ab<>0) then
begin

i(Iab-ae) =0) then

ae:=0;

end;end;x: =pred (x);

end ax=ped()

procedure putthenumber
(passname:alpha; ab,ae,i:integer) ;

var j:integer;
begin

for j:=i to Ex do
begin

if (proc .j.).relativity=O) then continue;
if proc.j].) .name<>passname) then continue;
proc j.) .abeqin:=ab;

en;proc C.) aena=e
end; (*putthenumber *
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end;

end;
if (g0) then
begin

query: =f alse;
message

(errcr...there irust be a "query" procedure',r) ;
en;return;

if(g>1) then
hegin

query: =f aJse;
message

(error...more than one "query" procedures' ,r) ;
end;

end; (*changea*)
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begin (* lexical analyzer *
lexerror: =false;*
q lobal: =trqe;
takeex n; give.
null:=false; tokenindex:=O;

i:=O I egin :=1 )d

while i<-tbcun&)d
beginpa:scci

if (i>tbouna) then leave;until (t(.i.). namie = v.1
pend:=i;
if not(prcc) then
begin leerr=true;I i:=,end-tokeninaex: =pend;end;*

end- bgn=uci
end; (4 lexical analyzer *
Frocedure changea;
vat i"gr' bb be:integer;

dummy: alpha;
begin

query: =false;

for i:=1 to jx do
begin

dummy:=' 9-
dummy:=trim$str (prcc(.i.).name));
if (dummy 'a ) then

proci .i
if(3duumy='guery') then
begin

g:=succ(g);

en-end;=1
if(g=1) then
begin

query: =true,*
rb:=proc (.r. .bbegin;
be:= proc (r. .bend
if(bb=) tien
begin

query: =false;
message

(error..."query" must be defined as a rulel,r);
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if comma then
goto al;

proc:=falseI ~result :=t( i ckenindex.) .name;
i:=t(.tokenindex.) .linenum;
message
('error... struicture expected..
Istr (result) i1);

end; (*proc *
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function structure:boolean;
begin

if infix then
structure :=true

else structure:=prefix;
end;
function proc:boclean;
label al;
begin

if not(prefix) then
begin

result:=t(.tokenindex.) .name;
i:= (.tokenindex.) .linenum;
message
('error... structure expected.. '
I Istr (result) ,i);
proc :=false;
return;Iene;

if point then
begin

proc:=true;
return;End;

reject;-
if not(iff) then
begin

result:=t (.tokenindex.) .name;
i:t (.tokenindex.) .linenum;
message
('error... "1." or ":-" expected.. '
I Istr (result) )
proc:=false;
return;End;

al: if not (structure) then
begin .aereiesult : =t (. tokenindex -5 name;

i:=t (.tokenindex.) .linenum;
message
('error... structure expected.. '
I I str (result) ,i)
proc: =false;
return ;end;

if point then
begin

proc:=true;
return;end;

reject;
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, j-=O; .
If expressicn(ex) then
begin

it (.ex (.'4.) ttype:6;
for i:1 to 7 do
begin

if (ex(.i.)=0) then continue;
=succlj),I e. . , loality: = j

i .ex.1. . .name='I) then
t .ex i. .ttype:=7;

if (t .ex i. .name='-') then
t .ex i. .ttype:=8;

if (t .ex i. .name='*,) then
t .ex i. . .ttype:=9;

if (t .ex i. . name='/, then
t .ex i. . .ttype:= l;

end;
infix:=true;
return;end-;

inf ix; = fal se ;
tokenindex :=cindex;

end;
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function infix: boolean;
label al;
type rc=record

name: alpha;
ind :integer;

vri,cindex,middle,len,j,tm:integer;
eX:xty pe;
legal legall1,legal2: boolean;
taR :array (.1..8.) of rc;

beinde:=tokenindex;

repeat
i:=succ (ipif,(i>8) then leave;
ttoken: =ta keto ken;
tok (.1.) name:=ttoken

until (ttoken='. or Lttoken=','1);len:=pred(tokelindex-cndx
tm :=O
for i = 1 to len do

* . ~gin
for j:=5 to 12 do

if Ltok(.i.).name=prec(.j.).name) then
begin

tn: =1;
goto al;

end;
end

al:if (im=O) then
begin

tokenindex:=cindex;
inf ix: =f alse;
return;

end;
for i:=1 to I do

ex (.1.):0O;

~or i:=1 to tn do
begini

ifl(tm<1) then leave;
ex (.. :=tok(.tm-i.).ind;

end-()
ior i:=tm to len do

1eiif jj>7) then leave;iex(.j. C:=tok(.i.) ind;

end;()
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function check:bcclean-var i:integer; res:boolean;

res:=true
for i:=1 to 7 doreies: =(cex (.i. J=f (.i.)) and res;

if not(res) then leave;end ;
check: =res;

end;
function send:boclean;
vat i,j:integer;
begin

send:=false;
for i:=1 to 8C do
begin

for 1t 7 do
if cnec .!ej
begin

retuin; /

nd;

end end;
begin (* expression *)

convert;
exjression: =send;

end; (expressicn *)
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function expressicn(inex:xtype) :boolean;
var cex,f:xtype;
procedure convert;v ar. i, j,ix, cindex :integer;

for i:=1 to 7 do
cex .i.)

for : =T to 7 d6
beg in

if (inex .)=O then continue;
forj:=1 to '2 o
begin

jx: =inex (.i.
if t(.ix.).name = prec(.j.).name) then
begin

cex(.i.) :=prec(. j.) .numb;
leave;

end;
end;end

global: =false;
or i:=1 to 7 do
begin

if(inex(.i.)=O) then continue;
if(ex (..) >0) then continue;tokenindex:=inex (. i.);
if variable then
begin

t (.tokenindex.) .ttype:=1;
cex.(.i.) :=;
continue;

end;
if number thenbegin

t (. tckenindex.) .ttype:=2;
cex(.,i.) :=2;
contiLnue;

en d;
if atom then
begin

t(.tckenindex.).ttype:=3;
cex (.i.) 3;
continue;end ;

end*

glo al: = true
end; convert I)
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functon if~bolean;

if _o~ui then
iff taetoken='-)

end;
function procname:boolean;
begin

procname:=atcv;
f uncticn point: boclean;

beinoint:=false;
if not (null) then

end*Point:=(taketoken='.');
fun~tion prefix: boolean;
latel al'
var local: integer;
begin

local: =0;
if not(procname) then
begin

prefix: =false;
en;return;

if not (left) then
begin

reject;
local:0O

prefix:=true;
end;reun

t(.tokenindex-1.V ttype:=5;
al: if not (varorccnst) ten

be gin
prefix: =false;
return;

end;
local: =succ (local) ;
t(.tok enindex.) . locali ty: =local;
it right then
begin

prefix:=true;
return;

end;
reject;
if comm~a then

goito al-
prezix :=false;

tend; (*prefix * -__
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function atom:boclean;
vat idset:set of char;

i: integer;
regult =taketoken;

en;atom: =(result (. 1.) in idset);
functicn number: bcolean;
var numset:set of char;

bgni: integer;

number: =true-
result: =taketoken;
for Ii:=1 to strlen(str(result)) do
begain

if (not(result(.i.) in numc-et ))then
begin

number :=false;
return;

en;end; 
ed

eun;i varorconst:boolean;
begin

*0 if variable then
begin

t(.tokenindex.) .ttype:=1;
varorcon st: =true;
return;

end
else rejectie
if number the
begin

t(.tokenidex.).ttype:=2;Ivarorcon st :=true;return;
end
else reject;
if atom then
begin

t(.tokenindex.) .ttype:=3;
varorcon st: =true;
return;

end;
varorconst: =f alse;

end;
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procedure putfiles;
var i:integer;
begin

rewrite (proc file);
rewrite (parauf ile);
rewrite (altf ilel;
for i:=1 to tx do
legin

ite paramfile,i: 3,''1);
write paramfi ar .. .rulenum:4);
write paramfile, ar.i.). re n um: 4);
write p aramfie :41;
write paramfile"par (.1. .name:12)
write paramfile,par (i. p type:4
write parauifile,par (.i. . ]ocality:4);
write paramfile,par (1 .pointer:4);
write Paramfile,par A:i .ntype:L&);
write iparamfilgipar (.i1. 1.nbind:4) ;

en;writeln (paranflie);

for i:1l to Ix d~o
begin

write prccfile,i:3, .!:l);~~nm4
write prcc ie,proc (.1J.) rulnm4
write prccfie~o I i.) .relnum: 4);
write procfile, 1:4);
write prccfie, roc .. L. . name:12)
write prccfile,proc i1. ptype41.
write procfie,pro .1. .reetiviy: :4);
write prccf le,proc i1. .pointerl :4);
write r ccfi le,proc i ointer2:4) ;
write prccfi e, proc : b :beqn: 4)
write prccfile, proc . .ben114)-
wri te prccfile,proc .i. e-In-4
write procfile,proc .i: aenA :4)
write prccfile,proc i1. .yesno:qf;
write prccfile,proc .i. .callee:4)
write pr ccf le, proc . a. .as:3;
write procfile,proc .i. .ae
write prccfile,proc .1. .nowA
write prccfilq proc .io pom: 3 H

for i:=1 to ax do

write altf1le,i:3,1'.':1);
write altIle,alt i.rulenum:4) ;
write altfile,alt .i. .relnum:4);
write aJltfile " ': 41,
write altfile'alt (1.name:121;
write altfile~al.i pe4 4
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write alt ile,alt .1 ointer2:4)
write altfile,alt .i. .ben :4)
write naltfile);t- bei:)
write altfile alt .1. .aend :4) ;

e nd;end; (*pUtfiles *
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procedu~re cnow;
var i,jjk:integer~

begin
for i:=1 to Ex do
legin

proc (i.) as:=proc (i.) .abeqi'n;
proc i.1 3 ae:=proci(.i.) aendgl

if (roc(.i as<O) hen continu'e;
proc.. a:1
proc...a:1

en*proc 0 no:i
for 'i:=1 to xl do

proc(.i.f J.pou:=O;
1o.( ) .pou:=1;

or1=1 to, p do,
legin

if (p: oc (. i.) . pom=O) then
begin

k:=s ucc (k)
endr .i) pom:=k;

anl.=prc( .name;
or~j:i~lto px do

be gin
pan2 :=proc ( i)name;
ifpanl =pan thn

proc(-j.).pom:=proc(.i.).pon;
end;

end;
end; (*cnow*)
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procqdurg enbind;
v ar.1 i3:3n ieger;
tegin

for i:=1 to tx do
begin

par (.i.) .Dxatcb:=false
if (par (- i.) . ptype= 1) t~en
begin

par ).ntype:=0;
par( .I. . nd:=O;

en;continue;
end; ntype:=jpar(i.).ptype;
par irbn:=;

for i:=1 to ti do
hegipl

if (par (.i.) .nty e= 0) then continue;

then continue;
par *j .ntype:=parf .jntype;
par .. .nbind:=par i nbind,

dend;
end; (*genbind*)
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l Xgin ; tx:0'
~or i:=1 to itound do
ke gin

case .i)tyeo
4 5,6: 10: aoMt.i.) 

oiherwise t. oun d:=tbound
end;

end-

ior i:=1 to Ex do
leginite

if f~tx)then leave-
if proc(.i.).ptype=4) te
begin .pointerl:=O;

proclh .pointer2:=0;

en-continue;
proc(.i.).pointerl ;=j;
par (,.) .Eroin ter:=i1;
repea

j:=succ(i
if ijtx hen leave;

(par(.j.).locality<=par(.j-1.).locality);

end jroc (. ..pointer2:=pred (J)
lefore:=proc (.1.) .rulenum;
count: =0;
for i:=1 to Ex do
tegini

if (proc (Ai.) . rulenuin=bef ore) then
be gin

proc (.i.) .relativity:=count;
count:=succ (count);
continue;

end;
before:=Froc (..).-rulenum;

en-count:=1;
heginend;
changea
alternaiives;
cnow.
genbind;
Futfiles

eni1; (*creaiearray *

41
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f unction def ined:koolean;
var i,j,k pm,bb,be:integer; deff:boolean;

nom:aipha;
tegin

def ined: =true;
for i:=1 to jl do
begini

thenro ccntintle;
ifi(poc( i..Ptype=6) then continue;
deff: false;
for j:=1 to px do
begin

if (Froc (.j.) .name=proc (.i.) .name) then
begin

deff: =true;
leave;

end d; end;
if "(not(deff)) then
begin

nom:=].trim (trim (str (proc (.i.).*name)));
if(mom=I') then

mcm:='a';
message*
('undefined procedure 'Ilstr(nom),
rcc(..)ruenum)

return;
end;

end;
for i:=1 to Ex do

teinf (rc(;).t pe=61 then continuei.fiprocl .i.r elativity>O) then coniinue;
bb:4roc .i. bbegin=O)then continue;
be: =procj:i:j: ben~;
for.j:=U to be do

begngin d
bi po (. k.~ relativity>O)

then continue;
if (proc (,,k.) pom<>pm) then continue ;nom:=ltrim tim (str(proc(.k.) .name)))
if(nom='$'~ then

message
('undefineduprocedure' i Istr (ncm),

defocd(.k .uJenum);
return;

en;end;
3 ~end; ed

en; defined*)_ _
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function recursive: boolean;
var i,j,k1,vOv V1 v2,vb,ve,vblvel: integer;

x name~nom: alabegin
recursive:=false;
for i:=1 to rx do
be gin

if (proc (.i.) .bbegim=O) then continue;
xnane:=proc (.. :name
for j:=prcc .i.) .bbegin to proc(.i.).bend dc

binf poc...nazne<>xname) then continue;
recursive:=true
nom:=ltrim(trirnistr (xnanme)));
if (ncx='$') then nom:='al;
('ese is not allowed'Ilstr(nom),,
proc (.i.) .rulenum);

end; end;reun
for i:=1 to Ex do
begin

if(C(proc(,ti.)relativity=O) and
(prpoc (.i.).bbegin>O)) then

begin
vb:=Froc (.i) be
ve:=Eroc (.1.) .bend;'
for. j:=vb to ye do
begin

for .=1ito px do
if (rc(. k.1 relativity>O)
then continue;
if (roc(.k.j .bbegin=O)
ten continue;

for 1:=vbj to vel do
begin

v 2:= roc (.1..p om;
if(y -v0) then
begin

recursive: =true;

alloed' nd; xname:=proc(.l).name;

end;uriv is reuriot

alowd
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procedure createpascal;
v ar

ext:arrayi.l:.255.) of alpha

var~ i:integer;
begin

nl=2-
.:=n div 10;

en;if (i=O0) then nl:=1,;

procedure takelitO-
Feupty,aepupty tempty-.boolean;

var lin:string72 ;ineer
begin

line:=' program user (input,output) ;';
writeln (user, line);
writeln( user line);
Fempty:= (px=U
aeupty:= (ax=O)0teupty: = (tx=O01
if pelupty then px:=2;
if aempty then ax:=2;
if tempy he tx:=2;
a: =str J f alse'I
t:=str (false'
if =ty thalen p:sr(true')
if aempty then a=st 're)
if tempty then t:=str ('true');
writein user,' pempty=',p:strlen (p), ;;writein user,' aempty=',a:strlen ja
wri.teln user,' temvty'l,t:strlen t),
writein user,' PX= I pxnl (px) 11;),
writein user' ax= I ax:nl (ax)'';

writei usr, tx=',tx:nl (tx) ''
writein user,' qg'9j1 l 'g

end;
proc~edure takelitl
vrar line:stig71
begin tig7$

reset (libl1,'Iname=lib 1. Fascal. al1')
while not eof(libl) do
begin

readIn (lit1, line);

end; witeln (user, line);

end;(*takelil *)
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procedure takelit2-
var line:stringU72f;

reset (lib2, #1name=lib2.psa~1)
while not eof (lib2) do
tegin

readin (I M, line)

end; rtlusrln)

end; *tkl
procedure takeliA
var line:string (72)';
begin

reset (lib3, of ame=lib3. pascal.a 1') ;
while not eof(lib3) do
legin

readin (lit3,line)-

end; wien(sr ie
close (lib3)

end; 1* takelfin~

pr hilue tkeolib4)d
begin

readln (lit4, line)
en;writeln(user,line)';

close (lib4)
end; (*takelib 4*)
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function change('var p:alpha) :alpha;
begin

c a ge:
chne =1 'then change:=' lessthan';
if ip='>' then change:=Iqreater';
if ~p=<=t) then change:= lessegual'
if (P= >=) then change:='greatequal;-
if (P=,<>) tlen change:='notepua1';

en;if (p=') then change:=e(jiial;
function exist (p:alpha) :boolean;
var i:integer;
I egin

exist:= false*
for i:=1 to i do

end; if(p=ext(.i.)) then exist:=true;
rondure create fun (f name: alpha)
ype l1=record

a:string(9);
n:alpha;
o: string (22);

end;
12=stri ng (7 0),

b:string (L);
n:alpia;
o:string(13);

end-
var f1:1.;f2:12;f3:l3;f4:l2;
legin

if(existffname)),then return;
f1.a:='functicn '
f1. n:=fname;

f2:='b e gin I

f3.n:=fname-
f3.o:= .=uiatch(a,i);';
f :~= 'endiv'
with fl ~o
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benl~b 9 ~ 2

end wienlb,:,~tlnsrn)o2)
wrileln(lib4,2);
with f3 do

~e winl4b 4 stle(str (nfl ,o: 13);

vritein (liblI,If);
t: =succ (t)

end; etAPiae
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~rocedure aitbody (fname: alpha;abe~abn: integer);

line=string 7 2);

a:string(9) ;
b:alpha;
c:string(22);

end;
line4=record

b: integer;I
c:char;
d:alp~a;
e:strin4 (2);
f:alpha;

endg:alpha;
var .li:linel;12,13,15,16:line;14:line4;i:integer;
beg~in

if(exist fnaue)) then return;
t: succ (t)
ext (.t.) :=tnaiue;
11.a.- functicn '

12:=Ibeg n'; . 213:=" case 1 of;
write libL4 11 a)-
write lib4 11 b:strlen(str(11.b)));
writeln 1ii4,J1.c);I
writein lib4,12) ;write2.n(lib4,13);
with 14 do
hegin

C:=' ';

e:=': '

for 'i:=abe to abn do
begin

with 14 dc
begin

t:=s ucc()
ext.t. -l=t

writej(it4 a:W':n1(b) Ic:l,a:strlen(stld));

end; writeln(1ib &e:2,f:strlen(str(f)),g:b);
end;wrte

end; (*altbodj'*f
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~rocedure createrule(fnanie:alpha;var a,b:integer);
lpecrcr
line=stri n (7 0);

two: integer;
del: char;I

end;
lab~record

dec:strinq (6);
nurn:array .. ;20.) of irec;

link 1=record
a:string (9);
n:alpha;
o: string (22);

end;
line3=record

a:string(34);
b:integer~

d:integer-

end;
line6=record

numl :intecer;
cond: alphS;

num3: intecer;
ae:char
o~trlrin(3
num3 :integer;

line 1 =record
otr: aga23;
num:integqr;

end; te~tig1)
line1 2=recora

b: string (I) ;
en;n:integerj
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line 1l4=record
a: string (11)I

end; c:string (7);

line 17=recordI
b: alpha;

end- c:string (7);
var 1 14,17 113 115,116 118:line; 13:line3;I

110 11llnel10112-linel2;
l1:iinel; 114:iinel4; 117:linelJ;
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proceduire linel5;
var* i:integer;
begin

11.a:='f unction '
11. n:=f name;

11.o: I (a i integer) :boolean;;
12.dec:= Iabel 9;
for i:=1 to 20 do
begin

12.num (.. two:=0;
12.numN :.. del:=#'

end*

with 13 do
begin

a:=' if resatisfy then begin break(';

c:='); goto 1;

en;e:='; end;';
14i: =Ibegin';

E rogedure line67;

16.numl:=0;
16.cond:=' ~if (accept("
16.name:='
16.comuial:=' '
16.numn2:=0;
16.comma2:=' ,I;
16.a:='-I;
16. othei:=) then goto 1;
16. num3=
16.del:=I';
end;17:= 9 9gCtO 99;';

Erocedure line8l 1;

18.no*:' I
18. mii: =0;
18.cond:='1:if (accept(';
18.name:=' 9

18. commal= 1.-
18.nuin2:=0;
18.coinma2:=' ;

18.a:='a';,
18.other:=')) then gotc ';
18.num3-=0'

19.f:=' if not(possible(';
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19. nun: =0;
19.other:=)l) then qt 9'

110.oter:= greak(';
11O.nua:=0i
110.f:=)
I11.othez!= goto '
111. nuz:=0;

end;11f: 1

roenr linel2 18;
11l2.b:='
112.n:=0.
11.oi ckaylat then';

114. b: =fname;

1.15: = eun'
116:=' end;';
117.a:=' SI
117. b:=fname-
117.c:=l:=falsel;

end'

97



procedure. write 15;
var i,nc:integer;
begin

with 11 do
begin

end* writeln(Jlib4,a:9,n:strlen(str(n)),o:22);
vitA 12 do
begin

for i:1l to li Ao
begin

end* wri eln (libI)
wriieln (lib4I,1LI)
with 13 do
begin

b: =12. num (. li-2.) . two;
d:=b;

end write1In( ib4a:3,b:ncc:8d:nce:6);
end;

Erocedure write67;
var* nc:int eger;
begin

with 16 do
begin
nc;,=nl (nuali)
write{Iib4, 4:4,nuh1:ncicond:12);

writej ibl n~ae-strlen (str (name)) ,commal :l,num2 :nc) ;
:=ntleni (n;comma2:1,a:1other:13,num3:ncde:);

en*wriieln(libI,17);
proc~edure write8ll;
var* nc:integer;
beyin

with 18 do
begin
nc:=nltInumi)-
write IIib4 n;:4,numl:nc,cond:12);
nc:=nI nuf
write Ii~um nase:strlen (stz(name)) ,commal: 1,num2:nc)-

writeln(libl,;comma2:1,a:1,other:13,num3:nc,del:.1);

end;I
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with 19 do
be gin

nc:=nl (nlun)

endvriteln(1ib4 ,f:23,nuui:nc,other:16);

endj1 110 do
be gin

nc;=nl (num]
writeln(lib4,other:13,num:nc,f:2);

ndend;
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11 d
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procedure writel2l8;
var nc:integer;
begin

with 112 do
begin

nd =n ( b4,b:4,n:nc,o: 16);
wrileln (lib&, 113) ;
with 11 'do
begin.

writeln (Iibi, a: 11, b: strlen (str (b)),c: 7)I end-
vritein (libL&,115)
writein Ilib4,116);
with 117 do
begin

end* writeln (libI, a: 7,b:strlen (str (b)) c: 7);

b egin
if (exist (f name)) then return;

linel5;

for i:=1 to ii do
begin

aa:=succ Laa)
en*12. num (.i.) . two: =aa;

li:=succll);
12.num, (Ii.) two:=99
12.num I.1i. .del:';;

line67-
16. numi :a-

K 16.name:.=change(proc(.a.) .naine);
16.nuin2:=a;
16. nun3: =succ (a);
write67 I
for i:=succ(a) to b do
begin

line8l 1;
18. nun 1: =i
18. name:=ctange (proc(. .name)
18.num2: i;
18. num3: =succ Ii);
19. num:=r ed l1
110. num:=preldi 1 ;
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write811;
end;
line1218;
112. n:=succ ();
write1218;

end; (* createrule *)
rewrite (lib, 'name=lib4.pascal. al')

rewrite (user, 'name=user. pascal. a 1'pt.:l, ext(. t.).:=' '
for 1:=1 to ax do
tegin

pan:=alt (.i.) name;
p:=alt .i.) .bbeqin;
p2-=alt .i. .bend;
p3:=alt .a.) .yesno;
if(pl=O then createf n (pan)
i; (1>0 then createruleipan, pIp2);end;

for i:=1 to px do
legin

if (proc(.i.) =yesno1) then continue;
if(proc .a.).ptype=6) then continue;
if (proc (.. .name='query') then qq:=i;
pan:=proc (.1.). name;
pl:=proc (...) .abegin;
p2:= proc(..).aena,
if (p1>0) then altbody(pan,pl,p2) ;

end;
for i:=1 to Ex do
begin

i f proc.i.).yesno=1) then continue;
if (proc .i.j. ptype=6) then continue;
pan: =proc (.3..) name;
pl:=proc (.i.) .bbelin;
p2:=proc (.i. ben ; .Sif((p1=0)l and proc(.i.).relativity=O))

then createfun(pan) ;
end;
for i:=1 to jx do
begin

if proc(.4..).yesno=1) then continue;
ifproc .i. I.ptype=6) then continue;pan : =proc (. 1.) . name;.
pl .=proc -i. .bbegin;
p2:=proc .i. .ben ;
if(p >0) then createrule(pan,pl,p2) ;

End;
takelibO ;
takelib2;
takelibl;
takelib4;
takelib3:

end; (*crea~e pascal*)

101

S- - - - - -. . . . .



begin
cus( ('xec e' ,ret);
datetime $date , time);
messa e(w mixni~rolog npgs 'Ilstr(date)
istr ,I)
Istr (timel 0)

messagec' 00O;
checkt okens;
mIessae('1,I0); te

lexicalanalyzer
else
begin

message
('compilation terminated due to user errors. ',O) ;

message
('virtual compilation time;in microseconds',-clock) ;

retcode (- 1);

if not(lexerror) then
begin

createarra s
if Ldefine and not(recursive) and query) te
begin

messa e
('no compiler detected errors..source lines',-line)

edcreat epascal;
else
begin

messace
('ccmilation teiiuinated due to user errors.',0) ;

retcode (- 1)
end halt;

end
else
begin

message
('1ccmpilation terminated lue to user errors.',O) ;

retcode (-1);

end; halt;
message

('virtual compilation time;in micrcseconds' ,-clcck);
end.retcode(0);
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APENDIX C
OBJECT PBOGRAM

program user (input,, output);
ccns t

reupty false;
aempty=false;
tempty=false;

ax=44
tx=M3;

procrec= record
rulenun integer;
relnum :integer;
name: alpba;
ptYpe;integerj (* 4..6 *
re a tivity: integer;
poi.nter1 :integer;
gointer2 :integer;

be in teger;
bend~inteer;

abegin:in eger;i
aend :integer;
yes no: integer;
ca1l.ee: integer;
as: i teget;
ae: integer;

en;now: integer;

rulenum :integer;
relnum: integer;
name:al~pba;

whop: integer; 7.0

o c~ineterintegr;iJ paauie
altfilneger prie~et

var arax)o Farc

prlt:arra .)of procrec;I
cpt:arrayll.x.' of a~as3ign:char;cx,ret, inum:in eger;resatisfy:boolean;
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procedure cms(const parmstr:string; var rc:integer) ;
external;

procedure writeit;
var i:integer;
begin

for i:=1 to tx do

wri.te tracef .le~par(.1.) :rulenum:4);
wri~te tracefile,1 ar(.i.) .relnu:4) ;.
write tracefie, 1:4 ;
write tracef1le 1par 1. .namne:12)
write tracefilelpar .1. .type ;4)
write tracefile,par .. . locality:4) I
write tracefile,par .. .pointer:4);
wri~te tracefile,par i.. .ntype :4)
write tracefile,par ei.1 .nind:)
write tracefile,par .. z.utc:
write tracefile par i1. .who:L4);

en;writ em (tracefile);
en;writeln(tracefile) ;

for i:=1 to rx do
wegIn e trace 2, i:2,.)
write trace2,proc (.4..) .rulenaim:3);
write trace2, ?roc fi.) .relnum:3) ;
writeltrace2,. 1:'
write trace2, roc .1. .name:12j.;
write trace2,proc .i: plp;
write trace2,proc .i.r ativit:d
write trace2,proc A1 .pointerl:j);
write trace2,proc .i. : ointer2:3);
wri.te trace2,proc i1 b beqin:3);
write trace2,proc i:I .ben:)
write trace2,proc Ai. aben:);
write trace2,proc A1. .aend:3 .
write trace2,proc .1. .yesno: 1.
write trace2,proc *i .callee: 3);
write trace2,proc Ai. .as:3)
write trace2,proc A1. .ae:3;
write trace2,proc i~. .now: f;

end wiemtae)
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procedure message(const msg:string;valint:integer) ;
vat term:text;j
begin

termou1titerm 3;
if IvaLntO then
begin
edwriteln(tern,valint:3,str(l. 'fl Imsg);

else if (valint=O) then
be gin

writeln (term, msg[)
lnuin:=succ (lnumj ;

end wrtl(listing, asg);
else
begin~

writeln(tezrm,msg, (-valint))
end;

end;e~er)
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procedure putfiles;
atel al,a2;

var if :integer;. pp~cnar;
begi~

if tempty then oto al;
reset (paramf ile;I
for i:=1 to tx do
begin

read paraxfilef) ;
read paramfile,pp) ;
read paraif.ie,par .i.) .rulenum) ;
read paramfile,par -i- relnum);
read paranfile, par i name);
read paraafile,par i) nme ;
read paranfile,par .)oal.t);
read paranfile,par i.:.. pointer;
read paramfile par i- ntype)readl . (pazamfiie,par(.1.). nEin) ;

end; par .i..rmatch: 
= alse;

al: if pempty then goto a2;
reset (procf ile)
for i:=1 to Ex
legin

read procfile,f) ;
read procfile,pp);
read procfile,proc i1. rulenum);
read procfile,proc i. .relnum) ;
read prccfile,proc .i "name);
read procfile,proc .4. . ptype ;.
read procfile,proc .i. .relativi y)read procfile,proc .i. pointerl);
read procfile,proc .' . " pointer2);
read rococ " 1: bbeqin);
read procfile,proc ." "bendl;
read prccfileproc i1. abeqin) ;
read procfileproc i' " aend);
read procfileproc .1. jyesno);
read procfileproc "i. .callee);
read procfileproc i. as) ;
read procfile i. ae)

edreadi n(pizocfi e,proc:}nw

a2: if aempty then return;
reset(altfile);
for i:=1 to ax do
tegin

read aitfile,f);
read alt file,p),
read altfile,alt . rulenum) ;
read altfile,alt i .relnum);
read altfile,alt i. name);
read altfile,alt i: .ptype;
read altfile,alt i relativity);
read altfile,alt i. pointerlread altfile,alt i. p ointer2l

read altfile,alt i begin);
read altfile,alt .bend);
read altfile alt i abegin ;
read n(altfile,a t . aend) ;end ;

end; (*putfiles *)
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oed ure resetit(a:integer);
if((a-1)=qg) then r-eturn;Froc (a.) as:=proc .a )j.abegi-n;
proc (a.) ae:=proc ( a .and,
roc (.a. now:=proc( a ).abegin;
f(proc (.a..as<Z>0) then return;

proc :a) .as:=1;
proc .a: ae:=1

end; ~(*resetit *)
function possiLble (a:integer) :boolean;
var al,a2,a3:boolean;
b e 92. n

al :=false;
a2 :=false;
a3:=false-
al:=(proc'(.a.).now<= prc (.a);
if (proc( a.) .ptype=61 then a2.=true;
if (Resatisfy) then a3 :=true;
(ossible*)Tora o 3

L end; (possible*)lora o 3
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t egin
af in:=0;
asta:=0;
p-beqg:=pr'c (a.) .pointerl;
pend:=proc (.a) .pointer2;
call:= roc (a.) callee;
if (cai1=0) then
b egin

if not(aempty) then
begin

asta :a1t pointerl;
edafin:=aItO : pointer2;

en d
else

asta:=pr-oc (.all.) .pointer1;

end- afin:=proc (call) .pointer2;
if( (4nd=pbeg) te

ilml:1l
else

1iml:=pend-beg+1;
if(afin=asta) hen

lim2:=l
else

lim2:=afin-asta+1 =)te
if~pbeg=o) and (pen~=)te

if ( asta:=0J and (afin=0) )then
lim2:= 0

if (liml<>1 1 m2) then
be ginan (lu2))te

match:=false;
edreturn;

begin
match :=true;

end-
bina roc asta pbeg,pend
tind roc pegllasta afini
matc it jasta, Eteg pena) ;
matchit pbe?,a~ta,afin);
if checkit 6en
begin

match :=true;
rulebind;

end; return;
match :=false;

L1 en d; (* match *)--_ 
_



procedure rulebind-
var i~j,rbegin, rena :integer;

J:succ(aj reun

rbegin:=proc (.j.) .pointerl;
jgq, oc .j..end;*
rend:=pirod(. .) .pointer2;
for i:=pbeg tc pend do
begin

i~f 0) b1en continue-
if parj .41. nltype=O) th-mn ccntinue;

if par i-.,ptye1l then continue;
forj:=reitorn do

if (j0) then continue;
if (par (.>) ppe<>1) then continue;
if (par .. .namie<>par(.i.).name)

parle nO ype:par C.' ntype;
par Inblnd:= par (1. nbind,

enl ar .. w o:=par(.i.).who;

en;
end; (*rulebind*)j
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function checkit :toolean;
var i,j:integer; bool:boolean;
b Egin

bool:=true;
for i:=pbeg to pend do
begin

if (i=O) then continue;

end bool:=(bool and par(.i.).nmatch);
if Lool then
begin

checkit: =true;

end return;
else checkit:=false;
for i:=pbeg to pend do
begin f =

if (i=) phen continue;
.if (par (.i.)optype<>1 then continue;
f w(par (.i.).who<>i) then continue;

pars...) .rtype:=O;
par .1.) .nbind.=O

end; par .i) .mmatch:=Ialse;

for i:=asta tc afin do
begin

if (i=0) then continue;
if (par (.M..ptype<>1) then continue;
if par(.i.). who<>i) then continue;
par (.i.) .ctype:=0;par (.i.) . nbind=O
.par (.i.) .match:=ialse;end;

end; (* checkit )
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function matchja ,i :integert:boolean;,
var pe g,pend, iul,lim2,as a,afin,call:integer;
Frocedure mnatchit(asta,pbeg,pend:integer);
var i,j:integer;
begin

2: =pred (sa
or i=pbe tcpend do

hege)

par~ .i.).Lznatch
:=(Ip(p i).t p ar ntle and

en;(par t1. i) nind~parI j.) .nidT

endA*matchit*)proc dure bind prcc (asta, pbeg, pend:integer);
var. i, j,k: integer;
begin

:=pred (asta);
or i:=pbeg tc pend do
tegin

if(i=O) then continue;

if fj 4).An continue,
if p~ar (i) .ntype=O) thenI

begin
pri par k. .npe>O)j nthe otne
par :i nbind:=ar .i .nbind;

ik then continueifpar ktp:r. .ntype>)ie ote;

en ed;end; par A.wbo:=par(.i.).who;

tend; e*ndpo*
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function oIkay(a:integer) :boolean;
var pb,pe,i:Integer;
begini

if tempty them okay:=true;
if tempt! then return;
pb:=proc qq.g. .bbegin;
pe:=proc q.g bend-
pb:=proc (pg. :Pointeri-,

e=proc cepe.I.pointer2;*
ior i:=pb to pe do
kegin

if j=0)tben continue'
if par(. i.).ntype=O) ihen
begin

okay :=false;

end ed;return;

ckay:=true;
end; I*okay*)
f unction f irst, (a :integer) : integer;

egd is:=p (.a.) .now;
function last (a: integer) :integer;
begin

en;last:= roc (.a.) .ae;
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function equal (a ,kintegerl:boolean;
var re Itle, f , l,pl ,rp3, p4:integer;p. papb,pc,p a ap 6 a;opl,op2:integer;
begin

if not (analyze (a,,re, le)) then
begin

end; equal: =f alse; return;

l:=proc (a.) .polnter2;
ijre= T) and' (le= 1) ) then

begin
pl:=par ..f.).nbind;
ra:=par . ; . namRe;
p2:=par .1 f)lnbind;
pb((part.),1nype;2
pb:=parl. 2.)nane=2 and (par'lI -ntype=2))
else
if((par(.f.).ntype=3) and (par(.l.).ntype=3))
then eqaal:=(pa= pb)
else egual:=z alse;
return; end;

if(fre=1) and (le=3)) then
begin

pa:=par Pli.) .name;

pb:=par r.2.) .name;
p3:=par (.1.) .nbind;
pc:=par (.F3.).name;
op1: =par (.1- 1.) . ptype;
egual:=doreal (pa)

=eval(dorea.(pb) ,opl,doreal (pc));
return ;end;

if (fre=3) and (le=1) ) then
begin

pl:=par (f.).nbind;
pa:= ar (.;1.) .name;
p2:=par (.1+2.).nbind;
pb:=par (.F2._. name;
oipl:=par (.f+ 1) ptype;I p3 :=par (.1.) .nbind;
pc: =par( .F3. 1.namue;
equa 1 :=eval (doreal (pa) , opl,doreal (pb))

=dcreal(pc);
return ;end;

if (fre=3) and (le=3) ) theL

pa:=par rlF.).name;
p2:=par (.1+2.). nbind;
pb:=parI(p2.) name;

pc:=par .r3.) .name;
p4:=par .1.).nbind;
p)d:=parl.4 name,
op2:=parL.l- N ).p pe; -d)

e pa;of 1, doreal (pb) )
end (*eqal ) val(doreal 6c ,op2, doreal(d
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function greater (a k-int eggr):boolean;
var rele'f,l,Rl ,j~3,p4:in teger;

.pa,pb,pc,pa:a p a;op1,op2:integer;
begin

if not (analyze (a,re,le)) then
egn aer =f aJse; return;

f:pirocj aj.o4nter1;
1:= iroc a. ointer2;
if ( re= ) and (le=1) ) then
begin. 1 .. ae

1.1.((par (.f.) .ntype<>2) cr
(par (.1I.) .ntype<>2))

thenI

begin L .bid
greater 7dre=alsp)>oeaeb)

end return;d

p:1par (f.).nbind;
pa: =par :.1.) nase;
p2:=par (.-.bind;
pb:arl (.2.).name;

areair: (paea1 (pdorlpblpldrel)c
return; end*

if(fre=3) and (1e=1)) then
be gin

pl:=par (f.).nbind;
pa:=par rl~ .) name;
p2:=par (.1-2.).nbind;
pb:=par p.2.).name;

pc:= par 1 .31 i.name;

great er:=I
ev(oreal(pa) ,l~doreal(pb)o)doreal(pc);
return ;end;

if fre=3) and (le=3)) then
be gin

pl:=par (f.).nbind;
pa:=par (.i.) .name;
p2:=par (.I+2.).nbind;
pb:=par (.F2.) .name;

pc : =par . f +3.) .ame;
pL4:=par .1 .).nbind;

P:=par (. F3).nme;
greater-.=va b

end; (*oea (pia) p 1,e l (bdoreal (c

begin
- ~ ~ ~ ~ ~ l=a f.).nbind;... . .* * S* .S-
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function lesse qualf a~k:inte er) :boolean;
var re,le,, f 1,E ,2p3, p4:i tger;

pa~pb,pc,pd :aiLpna;opl,op2:lnteger;
begin

if not (analyze (a,re,le)) then
gii

:=rc .a. .rointer2;
if (re= ) ad(le=1) ) then
be gin

if I (par (.f.)ntype<>2) or
(par (.!.).type<>2)) then

begin
less equal:=false;
return;

end;
pl:=par .f.).nbind;
pa:=par . 1.).name;
p2: =par .1.).nbind;

jb=par1.p2. ) name,
lessequal: = (dreallpa)<=doreal(pb));
return; end;

if (Ire= 1) and (le=3) ) then
begin

pl:=par (f.).nbind;
Irpa:=par r. i.) .napq;

p2:=par (.1-2.) .nbind;
pb:=par (.r2.) .name;
p3:=par (.1.) nbind;
pc:=par (p3.).namne;
opl:=par 1.1-1.) .ptype;
lessequa i.:=
dorea.L(paX~<=eval (doreal(pb) *opl,doreal(pc));
return ;end

if((re=3) and tle=1)) then
begin

pl:=par .f.).nbind;
pa:=par rlp.) .name;

:=parL.12.) .nme;
p2:=par .I.)nid;

01: Spar (-f+. -)!pt ype;
p :=par(.1.).nnind;
pc : =ar .F.)na me;
lesseq uai:
eval1 (d or eal (pa) , o p1,d or eal (p b) < dor e a1 c)
return ;emd;

if (fre=3) and (le=3) ) then
begin

pl :=par (.f.) .nbind;
pa:=par (. l.) .name;
p2:=par (.1*2.).nbind;
pb:=par 1. F.):n ame;
op1: =par (.f-2.) .Eye
pc:=par .. ~e

pd: =par j.p4.) . name;
op2: =par (.1- 1.1 .type
lessequal:=evajL(coreai (pa) ,op doreal(pbw)

eval(cloreal(pc),op2,&oreal(p~)
return; end?

end; (*lessegual )

S-
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function greatequal(a .k-inte er) :boolean;
La re le, f,11 ,T 2Lp3,p4:In~eger;

j rpa~pb,pc,pd:a p 1p,op2:integer;
begin pap

if not (analyze (a,re,le)) then
begin

greategual:=false; return;

f:=proc (a.) 4o.nterl;
1proc La.) .ointer2;

Ifqire= T) and (.le=1)) then
begin

if( (parC. f.) .ntype<>2) or
Ipar (.1.). ntype<>2)) then

bein

end; greategual:=false; return;

pa: =par (P 1.) .na~me;
p2:=par (.1) .nbind;
pb:= par (.j 2.).name,
great equal : (doreal (pa) >doreal (pb)) ;
return; end;

if((re=1) and (le=3)) then
begin

pl:=par (f.).nbind;
pa:=par P..i.) .name;

pb:=par E.2.) .name;
p3:=par (.1.) .nbind;
pc:=par (.13.).name-
opl:=par (.1-1.) .ptype;
qreate qual:=
ldreal ipal>=eva1 (doreal(pb) ,opl,doreal (pc));
return;eD d

if(fre-3) and '(le=1)) then
begin

pl:=par (f.).nbind;
pa:=par (.r.) .name;
p2:=par (.±+2.).nbind;
pb:=par (p2.1.name;
op 1:=par(.f+I.),,ptype;
P3:=par (.1.) .nbind;
pc:=par(. *3.) .name;
great equal-=
eval (doreal (pa) ,op1~doreal(pb) )>=doreal(pc) ;

en;return;
jf (ire=3) and (le=3)) then
be gin

pl:=par (f.).nbind;
pa:=par ( 1.) .name;
p2:=par (.+2.).nbind;
pb:=par (.F2.).name;
o 1:=par (.f+1.) -
P:=pa r .1- 2.).n itnT
PC:=par .3.) .naine;
p4I:=par . .).nbind;
pd:=par .p4.).name;
op2:=par (.1-1).~ye
greatequal:=evaljdoreal( pa) ,OPl dorealjpb))>

eval(doreal(pcy, op2,doreal (pd)
return ;end;

end; (*greategual *
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function notequal(a k:integer) :boolean;
var re,1e f,1,p1,;2 p3;p4:integer;I

papbvpc,pdapia;opl,cp2:integer;
begin

if not(analyze(a,re,le)) then
be gin

-~nd ..~;notequal:=false;return;
f:=proc (a.1 .Eointerl;
1.=proc{.a.) .jonter2;
if (ire= 4) and (le= 1) ) then
tega~n

if j (par (. f.)ntype<>2) or
(par(.1.).ntype<>2)) then

begin ;eun

end;
pl:=par C f.).nbind;
pa:=par 1. ;1) .name;
p2:=par (.. .bind;
pb:=par -.E2.).iname; a<dra~b)

noteg . o: =dreal (pa >ra..(b)
return; end;

if(Ire=1) and (le=3)) then
1:=ar f.).nbind;

pa:=par .jl.).na ae

pb:=par .12 )name*
p3:=par .i. !nbind!
pc:=par (.p.nai;
op1: =par(.1-. .pt ype;
note gual =
doreal (pi) <>eval (doreal (pb) op 1,dorea1(pc))
return ;end

if (Ire=3) And tle=1) ) then
tegan

pl:=par (f.).nbind;
pa:= ar ( l..nalne;
p2:=par ( .1+2.).nbind;pb:=pa. 2.).name;
ogl:=par (..f+1.ptype;

p : r I n id;
p:par I .E3..name;

notequal:-
eval (doreal (pa) , op 1,dorea1 (pb))<>dorea1 (rc)

ed;return;
if (ire=3) and (le=3) ) then
begin

pl:=par fI.).nbind;
pa:=par .rl.) .name;
P2:= ar .+..nid

p2:=ar . 1-2.).nbind

p:par 1.3.) .name;
p4:=par . 1.).nbind;

A i~Ld:=par 1.14.) .name;
47op2:=par( 1-1..tpe

notegual:=eval) (dorea'l(pa) :op1, doreal (pb)) I<>
eval (doreal (pc) op2,doreal (pd)

return;
end;

end; (*notegual *
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function lessthan(a k:integer) :boolean;
var re~1e, f,1.pl ,12p3, p4:integer;

Fpaspb,pcvpcia ia;opljop2:integer;
begin

if not (analyze (a,re,le)) then
begin

end; lessthan:=false; return;
f : proc (a.) r-oijnter 1;
1:=proc (a.) .ointer2;
if( re I) and (le=1)) then
teg -.n

if((par(.f.).ntype<>2) or (par(.l.)ontype<>2))
then begin

en-lesst ban : =f alse; return;
end; -rf)nid

pl:=par (. .) .nid;
p2 par (.1.) . nbind;

ib:=2ar(. F2 ) name;£essthan: (doreal (pa) <doreal (pb))
return;end;

if (fre=1) and (le=3) ) then
be gin

Dl:=par f.).nbind;
pa:=par (.11.) .name;
p2:=par (.1-2.).nbind;
pb:=par F.2.).na me;
p3:=par (.i..nbind;
pc:=par (.F31.name;
op1: = ar (.1-. .ptype;

doreal (pa <eva1 (doreal(pb) ,opl,doreal (pc))
return ;en

if (fre=3) and ile=1)) then
begin

pl:=par (f.).nbind;
pa:=par rl1.) .na me;
p2:=par (..I2.).nbind;
pb:=par (.F2.1.name;
Pl1: Epar (. f+'.) ..ptype;

pi :=par (1.).,nbind;
Ic:= par( .F3.name;Lessthan:=
evral (doreal (pa),op1, doreal (pb) ) doreal (pc) ;
return ;end;*if(fre=3) and (le=3)) then

begin
pl:=par (f.).nbind;
pa:=par ( 1.). name;
p2:=par (.i+2.).nbind;
pb: =par (. p2.).name;

P =par .1-2.) n in
pc:=par .k 3 .) .na me;
p:=par . 1.).nbind;
Pd: =par (.4.)1.name;
op2:=par( .1-1.). ptype;
lesstgan:=eval (doreal pia) opl ,doreal (pb)) <

evali (dr ipc) ,op2, doreal (Rd))
return;erd;

end; (*lessthan*)
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function *is (ak: integer): boolean;
varl~f,jp,pe:integer;
begin

f:=proc(,.) .jointerl;

par (f) %.dype:=par (.1.) .
par (.f. .nbi nd: =par (1.) bii
par (.1.).nmatch:Strue;
is: true-
if (sc 1 >tx) then return;
if (s-ucc (a) >px) then return;

Fb :=succ (a).
pb:=proc .L .).pointerl;
Fe:=proc (.J.) bend1;
pe:=procl (.e.)i te2
ior i:=pb op do
begin

i.f (i=O) then continue;
if (par (. 1. 1.name<> par (. f.)name)
then c cntinue;

if (paf (.i-).ptype<>1) then continue;
Par (.1. .nype:=par (f) .ntype;

I .nbind:=par (.f.).nbind;
par~~ i.who:=par(.1£.).who;

end; L*is*)
fIuncticn eval(opl:real;op:integer;op2:real):real;
begin

caseopf
7:eva 1:o9pl+cp2;
S:eva1:=opl-cp2;
9:eval:=opl cp2;
10:eval: =opl/cp2;
end;

function doreallp:alpha) :real;
var

nuin:real;
begin

readstr (str (p) ,num)
doreal: =num;j end;
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f unction analyze
(a:integer; var re,le:integer) :boolean;

var f.1 j m:integer;
tf:loolean
nset:set of 1.°4;

begin a ointe. ";
:=roc .a pointer2;

nset:= (. ) ,9
for.j:=f to I do

iegn (1=) then continue;

end; nseE:=nset+(.par (.j.) .locality.);
for j:=1 to (1-f+1) dobegin.if (j in eset) then continue;

e:=3;
leave;end ;.

le:=0,
analyze: =true;
for . 3 : = f to I do
begin

if j=0) then continue;
if par l.j.locality<m) then le:=succ(le) ;
if parl.. 3.locality>m) then leave;

end;re:=O;
for j:=f to I do

if(par(. .).locality>m) then re:=succ(re);
assert 1(le=1) or (le=3));
assert (re=) .or re=3
if(fle= ) and (re= )) then
be gin

tf:= ( par .f.).ntype<>par(.l.).ntype) or
(par (.f.).n type=OJ or
[par (.l.). ntype=0) ;

if(lle=1) and (re=3)) then
begintf:=( par (.f.). ntype<>2) or

epar 1 ntyie<>2) or
ipar I t . n ype<>2));end-

if(lle=3) and (re=l)) then
begin

tf:=( par .ntype<>2) or
(par [f :n t yte<>2  or

end;
if(lle=3) and (re=3)) thenbegin_

(par tye<>2) or
(par M -.ntype< >2) or

(par .1 ntype<>2) or

end Ipae
if if then

analyze: =false;
end; (* analyze *)
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~rocedure break(a:integer);

vari,j,fc,call,asta,afin~pbeg,pend:integer;
begin~

if tempty then return;
if (proc (.a.) ptype=4) then return;
if (proc (a) .Ftype=6) then
begin

pbe :proc.a.) .pointerl;
0 n :4 oc (.a.) . pointer2;

if (proc (.a.) .callee>0) then
Iegin

call:=proc (a.j 1callee;
asta:=proc (cal. pointerl;
afin:=prcc(.call) .pointer2;

end
else
begin

call:=prcc (a. 1no;
call:=prezd (call).
asta:=proc (Cal 9.) pointerl;

end; :pro(.call. )pointer2;
pbe :=proc (a.) .poi.nter1;

*~~ en9 : =proc (_a_ )_fointer2;~or i:=asta tc akin do
beg in

i f (i=O)( tben continue-
if(par(i.) .who<>i) t~en continue;

par (.i.) .rmatch:=false
If (par (.i.) .ptype=1) tUen
begin

par (..).ntype:=O;
par(.i. .nbind:=0;

end; end;
al:

j:gg;*
j:=proc (..bend
i:=prFoc (..):oinler2;
for i:=pbeg to pend do
be gini

1f (1=0) then continue*
if (parp(. i) .ho<>i) t~en continue;
par C.i.) .;atch:=false
if (par (. i.) -ptype= 1) t~en
begin

par (i.) .ntype:=0;
(. i.) nbind:=O;

for. k:=pbeg to j do
begin

if k=0 then continue*
if a k.jwho<>k t~en continue;

if par k1) then continue;
if Iparlk name> par(.)namae)
par (k. .nmatch:lfalse;
par (k.) ntype:=O;

en; ar . nlD.nd:=O;
* end r

end
end; (4.reak*)
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function findit(F:alpha) :bcolean;
var i:integer;

findit :=false;
for i:=1 to cx do

begin
bift (p=cpt(.i.)) then

findit: =true;
return;

end;
Cdend;

Frocedure print;var.i,k,kj,pbeg, endpb,pe:integer;
begin

if tempty then return;
cx:=1; ct(.cx.) :=' ';
Eb:=proc .qg. .bbeqin;
pe:=proc (.qq.).bend,

bpeg:=proc I . ). po.interl;
pend:=proc (e.). pointer2;
if (pend=O) te en
begin

kj 0
reJpeatk j: s c k i

pend:=roc.pe-kj.) .pointer2;
until (pend3O);

end;
for i:=pbeg tc pend do
begin

if (i=O) then continue;
if (par(.i.) .ptype<>1) then continue;
k: =par . . .nbind;if (D.ot f iniit(par*(. i.).name)) then
begin

message (str (par j.i.) .name) I I
str(' = ')Ilstr (par .k.) .name),O);
cx:=succ (cx) ;

end e d;cpt cx.) =par i.) .name;
end;

end;
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function acept (function name(a j:integer)

fnooLeaa, J: integer) : Loolean;

var i:integer;
begin gr

for i:=first(a) to last(a) do
Se gin

ifi first(al>last(a)) then leave;
if (name (a,3.)) th.en
begin

proc (.a.) .now: =succ (i)
accept :=true;
return;

end;end;
accept: =false;resetit (a

end; (* accept'*)
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function wpfuell(a,i:integer) :boolean;
begin

env'pfuell: =match (ai)
functio wpfuel2(a,i:integer) :boolean;
bgin

wpfuel2: =atch (a, i);
fun~icn p~uel3(a,i:integer) :boolean;

en p fuel3 :=atch (a,i)
function wp~fuel4I(a,i:integer) :boolean;
begin

enwpfuel4 :=mnatch (a,i);
function wpfuel5(a,i:integer) :boolean;
begin

end. wp~fuel5:=match (a,i) ;
fun~tion wpfel6(a,i:integer) :boolean;
begin

wpfuel6:=match (a,i)
fund,*c wpfuel7(a,i:integer) :boolean;

beinpfuel7:=match (a,i);
L.Uctonwp..fuel8(a,i:integer) :boolean;

begin

edwpfuel8:=uatch(a~i);
function wpjfuel9 (a,i:integer) :boolean;

end; wpfue19: =match (a, i)beiI
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functicn wpammolO(a,i:integer) :boolean;
begin

N function Vp amauoll(a,i:integer) :boolean;
begin

end.! w~ammo, 11: =aatch (a, i)
fun~tion wpamuol2(a,i:integer) :boolean;

en wpamnol2:=atch(a,i);

fun'tion wp am.o13(a,i:integer) :boolean;

en pamo13:=match (a, i);
funlticn wp ammoll4(a,i:integer) :boolean;
begin pam 4 mth(,i
end* wpaml&=ac~~
f uncticn wp ammo15 (a,i:integer) :boolean;
tegin

evd; wpammol 5: =match (a, i)
function wp amzaol6(a,i:integer) :boolean;
begin

wp ammol6: =match (a, i);
end; pamo(aintgr:ble;

fntio wpammol8(a,i:integer) :boolean;
begin

end;
function wpammol9 (a~i:integer) :boolean;

beinpammol1: =match (a, i)
funtion wp..ammo2O (a, i: integer) :boolean;
begin

w pammo2O:=match(a,i);end;
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21-7 --.- -: -7 - _ 7 7

K function vpammo2l(a,i:integer) :boolean;
begin

e u; p aamo2l1: =zatch (a, i);

function wpammo22 (a,i:integer) :boolean;
begin

up amuo22: =match (a,i);
end;
function wpammo23 (a,i: integer) :boolean;
begin

eru p ammo2-3:=match (a, i);

function wp ammo24 (a,i:integer) :boolean;

begin
up aumo24:=matdh(a,i);

end;-
f unction wp ammo 25(a,i: integer) :boolean;
begin

up ammo26: =match (a, i)
end;
function wpammo26(a,i:integer) :boolean;
begin

en; p aiuo27: =match (a,i);
function wpammo2(a,i:integer) :boolean;
begin

up azmo28: =match (a, i);
end;
function wpammo28(a,i:integer) :boolean;
begin

wpamo28: =m atch (a, i)
end;
function wp ammo29C(a, i: integer) : booiean;
begin

en;up ammo2O: =match (a,i)

function wpamm3Cl(a,i: integer) :boolean;
beginIup ammo3l0: =match (a, i)end;-
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function wpnu32(a,i:integer) :boolean;

end-
fun~tion wpnum33(a,i:integer) :boolean;
begin

* - end; p num33:=match(ai) ;
function wp num34(a,i:integer) :boolean;

beinp nua3'4: =match (a, i)
end; -

functicn wp nuu3E (a,i:integer) :boolean;
begin

un~wp num 35: =match (a,i)

function wp nuin36 (a~i:integer) :boolean;
beginup num36:=match(a,i);
end;,
function wp num37 (a,i:integer) :boolean;
beginup num37: =atch (a, i)
fnctio wpnam38(a,i:integer) :boolean;
begin

end; up -num38:=match(a,i) ;
function wp num3S(a,i:integer) :boolean;
begin

up num 39: =ma tch (a, i);
end;-
function wp num4IO(a,i:integer) :boolean;

beinp num40O:=match (a,i)
end;w-
function vpnam41(a,i:integer) :boolean;
begin

wpnum4l :=atch(a,i)end# uL2=,thai
function wp nuaLI2(a~i:integer) :boolean;

end;-
functicn wp num43(a,i:integer) :boolean;
begin

udwp numLI3:=match(a,i)
functicn wp nuaL44(a,i:integer) :boolean;
begin

upnum44 :=match (a,i)
end;
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-- ---- ie

function wp~fuel (a,i:integer) :boolean;
begin

case 1 ofI 1:wP fuel:=wp fuel1 a,i
2:wp-fuel:=wrpf e2 a,i
3:wp-fuel:=vp fuel3 a,i
4:wpfuel: = rf uel4 a,4
5:wpfuel:wpfuel5 a,:
6:wp fuel:=Wrpfuel16 a,i;
7:wp-fuel:=wrfuel7 a,-!
8:vp fuel:=wp fuel8 a,~ ;
9:vpf ue1: =vr.f uel9 aixS end;
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functicn wpamo(a,i:integer) :boolean;
begin

case i of
1O:wp- ammo:=vp~ammo 0 a,4i
11:wpammo:=up -ammoll a,i4 ;
12:wpammo:=wF amno12 a,4i
13:wpammo:=up-ammol3 a,iL
14: wpa mo: = wammo14 a,i4

* 5:wpammo:vp ammo15 a,i
*16:wpammo:=ipammo16 a,i

l8:wp azmo:=lw aiuol8 a,i
18:wpaumo:=w -ammo17 a,i
19:wpammo:=v -ammo19 a,iI2O:wp ammo:=wp -ammo2O a,i

I 21:wpammo:=w amio2l a,i;
I22:wpammo:=w -ammo22 a,i

23:wpammo:=ldpammo23 a,i-I24:wpammo:=w -ammo24 a,;I25:wpammo:=v -ammo25 a.1
26:wpamno:=w pammo26 a,i
27:wp -ammo:=i -ammo27 a,i
28: wpam so: =wpammo28 ai
29:vpammo:=Zpammo29 a,i
3O:wpammo:= p-ammo30 a,.I
31 :wpam so:= w Fammo 31 ai.l

I end; end; -
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function vpnuu(a,,i:integer) :boolean;
begin

case i of
32:wpnum: =w pnum32 a. ;
33:wp nuin:=wpjium33 a,i ;
34:wpnu:=L..num34 a,;
35:wp num:=wr.num35 a,;L
36:wp-num:=w num36 a,;. ;
37:wpnum:=w -num37 a, J.
38:wp num:=wFnum38 a,;
39:wp-num:=wvrnum39 a.i;
I0:wpnum:=wrnum4IO a,i;
41 :wp nuu:=wpnum4l a,i;
42:wpnum:=wr-num42 a~i
L3:wp num:=wp_num43 ai;
44:wpnum:=wEnum44 a~il;

end; ed

130



function q ue ry~ai: integer) :boolean;
labepl 46, 7,4 42,r9 9;
begin

if resatisfy then begin break(48); goto 48; end;
46:if (accept(wp..fuel,46,a)) then goto 47;

goto 99;
47:1f (accept(wp ammo 47 a)) then goto 48;

if not (ossible (461) then goto 9;
break (4
goto 46;

48:1f (accept(w num 48,a)) thenogoto 49;
if not (ossikIe (41) ) then goto 99;
break(47);
goto 47;I

49:if okay~a) then
begin

query :=true;
en;return;

en;99 :4uery :=false
begin

Putfiles
message( execution begins.....',O);
resats ~:=false;
sign:= I
while (sign:'; I) do
begin

if query(Sq,1) then
begin

message(' yes' 0);
print; terminjerl) ;
readln(term sign); close (term);

resatisfy: =true
else resatisf y:=false;
if (lrum>50) tlhen
begin

Jr um:=O;
en; ritein (listing,'1' :1);

if resatisfy then
cms(Iclrscrn',ret);

if resatisfyr then ga..'0
message ( resatisfyinggol0

else message(' execution ends....',6);
en;continue;

message (str(11 no'),)
message(' execution ends.... 1,0);

end; halt;
end main *
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APPENDIX D

PROCEDURE TABLE

1. 1 1 wp fuel 5 0 1 5 0 0 0 0 1 1 1 1 1
2. 2 1 vp-fuel 5 0 6 10 0 0 0 0 1 1 1 1 1
3.3 1 wpfuel 5 0 11 15 0 0 0 0 1 1 1 1 1
4. 4 1 wp-fuel 5 0 16 20 0 0 0 0 1 1 1 1 1
5. 5 1 wp-fuel 5 0 21 25 0 0 0 0 1 1 1 1 1
6. 6 1 wp-fuel 5 0 26 30 0 0 0 0 1 1 1 1 1
7. 7 1 wpf-uel 5 0 31 35 0 0 0 0 1 1 1 1 1
8. 8 1 wp -fuel 5 0 36 40 0 0 0 0 1 1 1 1 1
S. 9 1 wp-fuel 5 0 41 45 0 0 0 0 1 1 1 1 1
10. 10 1 wp-azc 5 0 46 50 0 0 0 0 1 1 1 1 2
11. 11 1 wpammo 5 0 51 55 0 0 0 0 1 1 1 1 2
12. 12 1 wp-ammc 5 0 56 60 0 0 0 0 1 1 1 1 2
13. 13 1 wpammc 5 0 61 65 0 0 0 0 1 1 1 1 2
14. 14 1 wp-amo 5 0 66 70 0 0 0 0 1 1 1 1 2
15. 15 1 wp-amc 5 0 71 75 0 3 0 0 1 1 1 1 2
16. 16 1 wpamo 5 0 76 80 0 0 0 0 1 1 1 1 2
17. 17 1 wpamc 5 0 81 85 0 0 0 0 1 1 1 1 2
18. 18 1 wp amo 5 0 86 90 0 3 0 0 1 1 1 1 2
10. 19 1 wpammo 5 0 91 95 0 0 0 0 1 1 1 1 2
2C. 20 1 wp-amc 5 0 96 100 0 0 0 0 1 1 1 1 2
21. 21 1 wp-a.mo 5 0 101 105 0 0 0 0 1 1 1 1 2
22. 22 1 wp ammc 5 0 106 110 0 0 0 0 1 1 1 1 2
23-. 23 1 wp-amc 5 0 111 115 0 0 0 0 1 1 1 1 2
2. 24 1 wp ammo 5 0 116 120 0 0 0 0 1 1 1 1 2
2!. 25 1 wp-ammc 5 0 121 125 0 0 0 0 1 1 1 1 2
2E. 26 1 wp-ammo 5 0 126 130 0 0 0 0 1 1 1 1 2
27. 27 1 wp-ammc 5 0 131 135 0 0 0 0 1 1 1 1 2
28. 28 1 wp-amc 5 0 136 140 0 0 0 0 1 1 1 1 2
29. 29 1 wp-ammo 5 0 141 145 0 0 0 0 1 1 1 1 2
30. 30 1 wpammc 5 0 146 150 0 0 0 0 1 1 1 1 2
"1. 31 1 wp_ammo 5 0 151 155 0 0 0 0 1 1 1 1 2
J2. 32 1 wphum 5 0 156 160 0 0 0 0 1 1 1 1 3
33. 33 1 wp num 5 0 161 165 0 0 0 0 1 1 1 1 3
34. 34 wp-num 5 0 166 170 0 0 0 0 1 111 3
35. 35 1 wp-nu, 5 0 171 175 0 0 0 0 1 1 1 1 3
36. 36 1 wpnum 5 0 176 180 0 0 0 0 1 1 1 1 3
37. 37 1 wpnum 5 0 181 185 0 0 0 0 1 1 1 1 3
38. 38 1 wp_num 5 0 186 190 0 0 0 0 1 1 1 1 3
39. 39 1 wpnum 5 0 191 195 0 0 0 0 1 1 1 1 3
40. 40 1 wp-nu, 5 0 196 200 0 0 0 0 1 1 1 1 3
41. 41 1 wp num 5 0 201 205 0 0 0 0 1 1 1 1 3
42. 42 1 wp-num 5 0 206 210 0 0 0 0 1 1 1 1 3
43. 43 1 wp-num 5 0 211 215 0 0 0 0 1 1 1 1 3
44$. 44 1 wp-num 5 0 216 220 0 0 0 0 1 1 1 1 3
45. 45 1 query 4 0 0 0 46 48 0 0 0 1 1 1 4
46. 45 3 wp fuel 5 1 221 225 0 0 1 9 0 1 9 1 1
47. 45 16 wp-ammo 5 2 226 230 0 0 10 31 010 31 10 2
48. 45 29 wp-num 5 3 231 235 0 0 32 44 032 44 32 3
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APPENDIX E

PARABETEBS TABLE

1. 1 3 tk 3 1 1 3 1
2. 1 5 1 2 2 1 2 2
3. 1 7 fl 3 3 1 3 3
4. 1 9 5CC 2 4 1 2 4
5. 1 11 500 2 5 1 2 5
f. 2 3 fac 3 1 2 3 6
7. 2 5 1 2 2 2 2 2
2. 2 7 f2 3 3 2 3 8
9. 2 9 800 2 4 2 2 9

10. 2 11 40C0 2 5 2 2 10
11. 3 3 atgm 3 1 3 3 1111. 3 5 1 2 2 3 2 2
13. 3 7 f3 3 3 3 3 13
14. 3 9 40C 2 4 3 2 1415. 3 11 3000 2 5 3 2 15
16. 4 3 helo 3 1 4 3 16
17. 4 5 1 2 2 4 2 2
18. 14 7 f2 3 3 4 3 8
19. 4 9 250 2 4 4 2 19
20. 4 11 loCo 2 5 4 2 20
21. 5 3 tk 3 1 5 3 1
22. 5 5 2 2 2 5 2 22
23. 5 7 f4 3 3 5 3 23
24. 5 9 6CC 2 4 5 2 2425. 5 11 5500 2 5 5 2 25
2E. 6 3 fac 3 1 6 3 627. 6 5 2 2 2 6 2 22
28. 6 7 f2 3 3 6 3 8
29. 6 9 900 2 4 6 2 29
30. 6 11 60C0 2 5 6 2 30
31. 7 3 atqm 3 1 7 3 11
32. 7 5 2 2 2 7 2 2233. 7 7 f5 3 3 7 3 33
34. 7 9 50C 2 4 7 2 4

35. 7 11 3500 2 5 7 2 35
36. 8 3 helo 3 1 8 3 16
37. 8 5 2 2 2 8 2 22
3E. 8 7 f3 3 3 8 3 13
39. 8 9 350 2 4 8 2 3940. a 1 1 20C0 2 5 8 2 4041. 9 3 atgm 3 1 9 3 11

42. 9 5 3 2 2 9 2 42
43. 9 7 f6 3 3 9 3 43
44. 9 9 4SC 2 4 9 2 44
45. 9 11 3800 2 5 9 2 45
46. 1C 3 tk 3 1 10 3 1
47. 10 5 1 2 2 10 2 2
48. 10 7 1 2 3 10 2 2
49. 10 9 3 2 4 10 2 42
50. 10 11 al 3 5 10 3 50
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51. 11 3 tk 3 1 11 3 1
.2. 11 5 1 2 2 11 2 2
53. 11 7 1 2 3 11 2 2
54. 11 9 3 2 4 11 2 42
55. 11 11 a2 3 5 11 3 55
56. 12 3 tk 3 1 12 3 1
57. 12 5 1 2 2 12 2 2
!8. 12 7 2 2 3 12 2 22
E9. 12 9 3 2 4 12 2 42
60. 12 11 al 3 5 12 3 50
61. 13 3 tk 3 1 13 3 1
62. 13 5 1 2 2 13 2 2
63. 13 7 2 2 3 13 2 22
64. 13 9 3 2 4 13 2 42
65. 13 1 1 a2 3 5 13 3 55
66. 14 3 fac 3 1 14 3 6
67. 14 5 1 2 2 14 2 2
68. 14 7 1 2 3 14 2 2
69. 14 9 4 2 4 14 2 69
70. 14 11 a6 3 5 14 3 70
71. 15 3 fac 3 1 15 3 6
72. 15 5 1 2 2 15 2 2
73. 15 7 1 2 3 15 2 2
74. 15 9 4 2 4 15 2 69
75. 15 11 a3 3 5 15 3 75
76. 16 3 atgm 3 1 16 3 11
77. 16 5 1 2 2 16 2 2
78. 16 7 1 2 3 16 2 2
79. 16 9 3 2 4 16 2 42
80. 16 11 al 3 5 16 3 80
81. 17 3 helo 3 1 17 3 16
82. 17 5 1 2 2 17 2 2
83. 17 7 2 2 3 17 2 22
84. 17 9 2 2 4 17 2 22
85. 17 11 al 3 5 17 3 80
86. 18 3 helo 3 1 18 3 16
87. 18 5 1 2 2 18 2 2
88. 18 7 2 2 3 18 2 22
89. 18 9 2 2 4 18 2 22
90. 18 11 a3 3 5 18 3 75
91. 19 3 tk 3 1 19 3 1
92. 19 5 2 2 2 19 2 22
93. 19 7 3 2 3 19 2 42
94. 19 9 3 2 4 19 2 42
95. 19 11 al 3 5 19 3 50
9f. 20 3 tk 3 1 20 3 1
97. 20 5 2 2 2 20 2 22
98. 20 7 3 2 3 20 2 42
99. 20 9 3 2 4 20 2 42
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100. 20 11 a3 3 5 20 3 75
101. 21 3 belo 3 1 21 3 16
102. 21 5 2 2 2 21 2 22
103. 21 7 3 2 3 21 2 42
104. 21 9 3 2 4 21 2 42
105. 21 11 a6 3 5 21 3 70
106. 22 3 lelo 3 1 22 3 16
107. 22 5 2 2 2 22 2 22
1 C8. 22 7 3 2 3 22 2 42
109. 22 9 3 2 4 22 2 42
110. 22 11 a3 3 5 22 3 75
111. 23 3 atgm 3 1 23 3 11
112. 23 5 2 2 2 23 2 22
11--. 23 7 3 2 3 23 2 42
114. 23 9 3 2 4 23 2 42
115. 23 11 a5 3 5 23 3 115
116. 24 3 fac 3 1 24 3 6
117. 24 5 2 2 2 24 2 22
118. 24 7 3 2 3 24 2 42
119. 24 9 4 2 4 24 2 69
120. 24 11 aE 3 5 24 3 70
121. 25 3 tk 3 1 25 3 1
122. 25 5 2 2 2 25 2 22
123. 25 7 2 2 3 25 2 22
124. 25 9 3 2 4 25 2 42
125. 25 11 al 3 5 25 3 50
126. 26 3 tk 3 1 26 3 1
127. 26 5 3 2 2 26 2 42
128. 26 7 5 2 3 26 2 128
129. 26 9 3 2 4 26 2 42
130. 26 11 a3 3 5 26 3 75
131. 27 3 atgm 3 1 27 3 11
1--2. 27 5 2 2 27 2 42
133. 27 7 5 2 3 27 2 128
134. 27 9 3 2 4 27 2 42
135. 27 11 a4 3 5 27 3 80
136. 28 3 fac 3 1 28 3 6
137. 28 5 1 2 2 28 2 2
138. 29 7 5 2 3 28 2 128
139. 28 9 2 4 28 2 22
140. 28 11 a6 3 5 28 3 70
I 1. 29 3 fac 3 1 29 3 6142. 29 5 1 2 2 29 2 2,
141 . 29 7 5 2 3 29 2 128
144. 29 9 2 2 4 29 2 22
145. 29 11 a3 3 5 29 3 75
146. 30 3 tk 3 1 30 3 1
147. 30 5 1 2 2 30 2 2
148. 30 7 5 2 3 30 2 128
149. 30 9 3 2 4 30 2 42
150. 30 11 al 3 5 30 3 50
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RESA SFYIG GOI..I
yes

RCLASS - atgmA
W1TYPE- 1
LX- 1
Ly
WATYPE a4
WINUM 20

BE!AUESFXING GOAl....
yes

WCIASS - helo
W'IYPE - 1
IX - 2

Ly- 2
WATYPE - a4

IRESATISFYING GOAI....
WCLS S- helo
WIYPE - 1
LX - 2

WATYPE - a3
-NU 8

IRESA71SFYING GOAl....

WCIASS - tk
W'IYPE - 2

WATYPE - al

WiiJ -u 28
!EEA ISFYING GOAL....

W'IYPE - 2
LX - 3
U - 3
WATYPE a6
WN m 28

______FING _____ __________________________________--
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APPENDIX N

OUTPUT OF PROGRAM 14

BIECUTICN BEGINS....
Y s CIASS = tk
W'I!PE - 1

WATYPE = al

RESVEISF!ING GOAI....
yes WCLASS tk

W YPE- 1

WATYPE = a2
WlNUM1 40

RESA'IISFYING GOAl....
ye CLASS = tic
WTYPE- 1
LX 2

WATYPE = al
WNTUM - 50

BESA EISFYING GOAl....
yes WCIASS = tk

WI YPE - 1

LY - 3
TRATYPE = a2

-; 50
RESATISFYING GOAL....
yes WCAS fac

W7~YPE -1

LX - 1
LY - 4
WATYPE = a6
PINUM - 5

RESA'IISFYING GOAl....
YES fc

LX - 1
WATYPE = a3
WNUM 5
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APPENDIXM

SAMPLE PBOGRA3 4I

W fuel tk ,1,500,5000 .

:P-fuel fac ,1,f2,800,4000 .
wfuel atg~ f3,40O,3O0.

wp-fuel helo,1,f2,250,1000.
" fuel tk ,2,f 4,600,5500.
" fuellfac ,2,.f2,900 6000
wp-fuel at,2 f5,500:3500
wp-fue1 he lo:2,f3,350,2000
wi-fuel atgm,3, f 6,450,3 800

wpammo tk ,1,,3,a2
wp_ammo tk 12 , -, a 1
wp ammo tk ,12,3,a2.
wprammo fac ,1,4,a6
wrammo fac ,1,1,4,a3
wp amino at m,1,*1,3,a4.
wpammo heyo,1,2,2,a4
wprammo helo, 1,2,2,a3.
wp_ammo tk ,2,3 3,al
wF ammo tk ,2,3,Z3,a3
wprammo helo,2,3,3,a6
wpamno helo,2,3,3,a3.
wp ammo atgm,2,3,3,a5*
wpammo fac ,2,3,4~,a6.I-
wpamno tk ,2,213,al
wp ammo tk ,3,5,3,a3
wpammo atgm,3,5,3,a4s
wp ammo fac ,1,512,a6
wpammo fac ,1,5,2,a3
wrammo tk 1 5 ,3, a1
wp aam tk (15 3 a3 .
wrnum tk Ai'5,40 .
wFrnum tk ,1,2,3,50 .
vnum fac ,1,1,4, 5 .
Wnum atgm,1,1 13,20
wF~umtk ,2,3,3,28.
-Enumlhelo,12,2~ 8
wpnum atgm, 2, 3,3,22.

wFLnum fac ,2,3,4, 8.

query:-wp ammo(CA WTYPIE LX LY WATYPE),

wp-num(WCLASS,TYPE,LX,Y,NU1).
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APPENDIX L

OUTPUT OF PROGRAM 3

EXECUTION BEGINS....
ye 

= 1P
WFTYPE = f2
WICAP = 800
WACAP = 4000
LX - 1

WATYPE = a6
RESAI1ISFYING GOAl....

ysW'I!PE= 
1

VFTYPE = f2
WFCAP = 800
WACAP = 4000

LX 1

LX 4
WATYPE = a3

RESA~TISFYING GOA....
Y ES T= 1P

WEIYPE = f2
WFCAP = 800
WACAP = 4000
LX 5
Ly 2
WATYPE = a6

1RESA'IISFYING GOAl...
yesPE 

= 1
ETYPE = f2

WFCAP = 800
WACAP = 4000

ly 2
WATYPE a3I

RESA7ISFYING GOA....

EXECUTION ENDS....
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APPE14DI1 K

SAMPLE PROGRAM 3

w fuel tk 01,fl,500,5000.
wF-fuel fac ,1,f2,800,4&000.
wpfuel at g n1 f3,40O0,3000.
wrfuel helo,1,f2,250,1000.
wpfuelitk ,2,f4,600,5500.
wrfuel fac ,2,f2,900,6000.
wpfue 1 atgn, 2,f5,500,3500.
wpfuel he lo,2,f3,350,2000
wp~fuel atgm, If 50 3800.
wp asmo tk 1 al
WE-ammo tk 1'3,a2
wpaumo tk 01 2,3,al
WE ammo facI ,,a2
up ammo tkc , 1,42,a6
wF-ammo fac ,1,4,a3
wp ammo at qM,1,1,3,a4Iup ammo he lo,l,2,2,a4
wp ammo helo,1,2,2,a3
wr ammo tk ,2,3,3,al
up ammo tk ,2,3,3,a3Iup ammo helo,2,3,.3,a6vpam helo,2,3,3,a3
up ammo atgm,2,3,3,a5
up _ammo fac ,3,4,a6
wp ammo tk ,2,2,3,al
up ammo tk ,3,5,3,a3
wpammo atgm,3,5,3,a4.
up ammo fac ,1,5,2,a6.
wp ammo fac ,1,5,2,a3.
wp ammo tk ,1,5,3,al.
wp ammo tk 1 5 1 a3
wpnum tk ,i,5,40
UP flUE Tx 01,2,3,50
wpnum fac 11i ,L4, 5
wpnum at m,1, 1,3,20
WE num helo,1,22
wp-numt ,2,3,3,281
WEp-num helo 2, 3, 3,12.
up-num atgm, 2,3, 3,22o
wp num fac ,2,3,4, 8 .
wFpnum tk ,2,2,3,42.
Wp -num atgm,3,5,3,18.
up num fac ,1,5,2, 8.
wp-num tk 1534

qb~r: w ei~lZ4WYPE,WFTYPE,WFCAP,WqACAP),

VACAP?<=5-O6,'ACA P>=4I060
wpammo (f ac,WTYPE,LX,LYWATYPE)
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yes WLS
WCAS tk

UFTYPE = f4
WFCAP = 600
WACAP = 5500
LX - 3

WATYPE = al
RESATISFYING GOAl....
ysWC1ASS = tic
W'IYPE = 2
WFTYPE = f4j
WFCAP = 600
WACAP = 5500
ix 3
LY 3
WATYPE = a3

EFATISFYING GOAI....
yes WLS tic

WMYE 2
WTPE = f4
WECAP = 600
WACAP = 5500
LX - 2

WATYPE = al
RESA IISFYING GOAL....
yes WClASS = atgm

W!YPE = 2I
WiFTYPE f 5
WYCAP = 500
WACAP = 3500
LX - 3

WATYPE = a5
BEEA'IISFYING GOAl....
ysWCIASS = atgm
W'IYPE = 3
WFTYPE = f6
TYF C AP = 450
WACAP = 3800
LX - 5

WAIYPE = a4
RESA'I1SFYING GOAI....
nIc
EIECUTICN ENDS....
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RESA!1ISFYING GOAl....
ysWCLASS = tkc

NTYP 1 1
WFT!PE = fi
WFPCAP = 500
WACAP = 5000
LX 5
lX 3
WATYPE = a3

IBEEA71SFYING GOAI....
Y SWCLASS = fac
WTIYPE = 1
WFTYPE = f2
WYCAP = 800
WICAP 4 L000
LX - 1

WATYPE = a6
REATEISFYING GOAL....

WCLASS = fac
WIXPE = 1
WFTXPE = f2
WICAP = 800
WACAP = 4000
LX - 1
Ly 4
F.A IYPE = a3

WCLASS = fac
1RtYPE = 1
WFTYPE = f2
WFCAP 800
lIACAP = 4000
ix - 5

UATYPE = a6
REEAMSFYING GOAl....

JV CLASS = fac
WTEYPE = 1
WrJFTYPE = f2WFCAP 800I
WACAP = 4000

F~ATYPE - a3
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OUTPUT OF PROGRAM 2

EXECUTION BEGINS ....
WCIASS = tk
W11!PE1
WFTYPE = fi
WFCAP = 500
WACAP 50
LX = 1
1! 3I- WATYPE = al

BESA71SFYING GOAl....
7GS =S tk

W IYPE 1
WFTYPE = fi
WFCAP = 500
WACAP - 5000
LX - 1
LY 3
WATYPE - a2

ye 
-LS tk

WTYPE -. 1

WF'IypE - fi

WFCAP 50
WACAP 500
LX 2

WATYPE - al9 !RESA'ISFYING GOAL....
ye CLASS 

- tk
W IYPE- 1
WFTYPE fl
WYCAP 500
WACAP - 5000

LY 3
ilATYPE = a2

REAIFIGGU..
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APPENDIX I

SAMPLE PROGRAM 2

Wf uel tic 1,500,5000.
v -fuel fac ,1,f20800,4000.wpue a gm,~3,400,3000.
w -fuel helo,1,f2,250,1000.
w -fuel tic 2, f 4,600,5500.
W pfuel fac ,2,f 2,900,6000.
Wp fuel at m ,2,f5,500,350O
zFpfuel he lo,2,f3,350,2000.
wP-fuel atgm,3,f6 4150 38001
wpammo tic ,1,,a1
wp ammo tk ,1,1,--,a2
up ammo tic ,2,.3,al
WEp-ammo tc ,1,2,3,a2
WE ammo fac , 1,4L,a6
wp azmo fac ,1,1,4,a3
WE ammo at gm,1,1,.3,a4
up-ammo he lo,1,2,2,a4
wE ammo helo, 1,2,2,a3
wpammo tc ,2,3,3,al
wpamo tk ,2,3,3,a3
up ammo helo,2,3,13,a6
wpammo helo, 2,3.3, a3
up ammo atgm,2,3,3,a5wamofac 2,,4a

wp~amo tk,22,3,ai
wp ammo tc ,3,5,3z,a3)
wpammo atgm,3,5,3,a4 .
up ammo fac ,1,5,2,a6).
wEpammo fac ,1,5,2,a3).
WE ammo tic 1,5,3,al .
Fp ammo tk 1 5 1a3).

WE num tk ,1,2,3,50 .
WE num fac ,1,1,4~, 5.
wp-num atgm,1,1,3,20.
wpnum helo,1,2,2, 8.
wpnum tc ,2,3,3,28.
up num helo .2130 3112
Wpnum atgm,2,3,3,22
wpnmum Ifac ,2,3,4, 8
wpnum tc ,2,2,3,42
WEp-num atgm,3,5, 3,18-
WE -num fac 1 ,5,2, 8
wpnu tic 115348

gu'ry:w ue=4C ASI WT YPE WFTYPE,WFCAP,WACAP),

wpamo (WC!ASS,WTYPE,L(,LY,WATYPE).
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APPENDIX a

OUTPUT OF PROGRAM 1

EXECUTION BEGINS....
yes 1

WFTYPE = f2
WICAP = 250
WACAP = 1000
LX = 2

-y 2
WATYPE = a4

WNU8

S EESATISFYING GOAL....
7WTYPE 1
WFTYPE = f2

* WICAP = 250
* WACAP = 1000

WATYPE = a3
WNUM 8

EEMAISFYING GOAL....

WETYPE - f3
WYCAP - 350

-. WACAP - 2000
LX 3
1! 3
WATYPE = a6
il ED 1 12

PESATISFYING GOAL....
Yes 

-TP 2
WFTYPE f3
WFCAP 350
WACAP - 2000

LY = 3
4ATYPE - a3
w VUM1 12

RESAIISFYING GOAl....

EXECUTION ENDS....
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SIMPLE PROGRAM 1

wp fuel tic fl4,500,5000.
wrfuel fac l1,f2,800,4~000.
wpfuel at m I.,1f3,400,3000.
w pfuel he lo,1,f2,250,1000.
wp fuelitic r2,f4,600,5500.
wpfue. fac ,2,f2,900,60 00wpfuel at m ,2,f5,500,3500
vrfuel helo,2 f3,350,2000
wp~fuel atgm,3,f6 450 3800
w _ammo tc ,1:1, 5 ,al
w ammo tic ,1,1,3,a2
w -ammo tc ,1,2,--,al
wEpamo tk ,1,2,.3,a2
wEpaumo fac ,1,1,4,a6
wpammo fac ,1, 1 ,4 ,a3
wpammo atg m,1,1,3,a4
wpammo helo,1,2,2,a4
wraimo helo,1,2,2,a3
wp.aimo tc ,2,3,---,al
*w-ammo tc ,2,3,3,a3.
*wammo helo,2,3 3, a6.
WEpammo heio,2,3,3,a3.
wp ammo atgni,2,3,3,a5
w -ammo fac ,203,4,a6 .
WE-ammo tc *2,2,3,al.
wrpammo tc ,35,3,a3 .
w -ammo atgm,3,5,3,a4 .
wpammo fac ,1,5,2,a6 .
w _ammo fac ,1,5,2,a3.
wp-amuo tk ,1,5,3,al .
wpamma tic 1 5 a3 .
wpnu -kE i , ,, 40
wV._nuI tc ,1,2,3,50
wj nurn fac ,, .4, 5
wF num atg m,1,1,3,20
wp num helo,1,2,2, 8
wpnum tic 2,3,3,28
wpnum helo,2,3,.3,12
wpnum atgm, 2, 313,22
w -num fac 2,314, 8
wpnum tic 2,2,3,42
wF -num atgi, 3, 5,3,18
w]P-num fac ,1,5,2, 81
WE-num tic 11 5 3 48
guery:-wpfuel (eio, TYPE,WFTYPE WFCAP WACAP),

vpammo (helo WTYPE ix LY f§ATYPEI,

wpnum (hec,TYPEL X,,Y, NL).
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IPPENDIX F

ALTERNATIVE CLAUSES TABLE

1. 1 1 wpfuell 5 0 1 5 0 0 1 1
2. 2 1 wpfuel2 5 0 6 10 0 0 2 23. 3 1 wpfuel3 5 0 11 15 0 0 3 3
4. 4 1 wp-fuel4 5 0 16 20 0 0 4 4
5. 5 1 wpfuel5 5 0 21 25 0 0 5 5
6. 6 1 wp-uel6 5 0 26 30 0 0 6 6:7. 7 1 vpfue 5 0 31 35 0 0 7 7
8. 8 1 vpfuel8 5 0 36 40 0 0 8 8
9. 9 1 wpfuel9 5 0 41 45 0 0 9 9

10. 10 1 wpazmolO 5 0 46 50 0 0 10 10
11. 11 1 wp_ammoll 5 0 51 55 0 0 11 11
12. 12 1 p_anmol2 5 0 56 60 0 0 12 12
13. 13 1 wp_amol3 5 0 61 65 0 0 13 13
14. 14 1 wpammol4 5 0 66 70 0 0 14 14
15. 15 1 wp-azmol5 5 0 71 75 0 0 15 15
16. 16 1 wp_ammol6 5 0 76 80 0 0 16 16
17. 17 1 vpazmol7 5 0 81 85 0 0 17 17
18. 18 1 wp_amo8 5 0 86 90 0 0 18 18
19. 19 1 wp_ammol9 5 0 91 95 0 0 19 19
2C. 20 1 wp_amo20 5 0 96 100 0 0 20 20
21. 21 1 vp_ammo2l 5 0 101 105 0 0 21 21
22. 22 1 wp_a-mo22 5 0 106 110 0 0 22 22
23. 23 1 wp azmo23 5 0 111 115 0 0 23 23
24. 24 1 wp-ammo24 5 0 116 120 0 0 24 24
25. 25 1 w-anmo25 5 0 121 125 0 0 25 25
26. 26 1 wp-amo26 5 0 126 130 0 0 26 26
27. 27 1 wp_azmo27 5 0 131 135 0 0 27 27
28. 28 1 wp a-mo28 5 0 136 140 0 0 28 28
29. 29 1 wp-aumo29 5 0 141 145 0 0 29 29
30. 30 1 wp_ammo30 5 0 146 150 0 0 30 30
31. 31 1 wpammo3l 5 0 151 155 0 0 31 31
32. 32 1 wp-um32 5 0 156 160 0 0 32 32
33. 33 1 wpnur33 5 0 161 165 0 0 33 33
34. 34 1 wpnum34 5 0 166 173 0 0 34 34
35. 35 1 wpnum35 5 0 171 175 0 0 35 35
36. 36 1 wpnum36 5 0 176 180 0 0 36 36
37. 37 1 wp num37 5 0 181 185 0 0 37 37
38. 38 1 wp-num38 5 0 186 190 0 0 38 38
39. 39 1 wp-num39 5 0 191 195 0 0 39 39
40. 40 1 wpnmum40 5 0 196 200 0 0 40 40
11. 41 1 wp num4l 5 0 201 205 0 0 41 41
42. 42 1 :p num42 5 0 206 210 0 0 42 42
43. 43 1 num43 5 0 211 215 0 0 43 43
44. 44 1 wp-num44 5 0 216 220 0 0 44 44
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201. 41 3 tk 3 1 41 3 1
202. 41 5 2 2 2 41 2 22
203. 41 7 2 2 3 41 2 22
204. 41 9 3 2 4 41 2 42
2C5. 41 11 42 2 5 41 2 205
206. 42 3 atgm 3 1 42 3 11
207. 42 5 3 2 2 42 2 42
208. 42 7 5 2 3 42 2 128
209. 42 9 3 2 4 42 2 42
210. 42 11 18 2 5 42 2 210
211. 43 3 fac 3 1 43 3 6
212. 43 5 1 2 2 43 2 2
213. 43 7 5 2 3 43 2 128
214. 43 9 2 2 4 43 2 22
215. 43 11 a 2 5 43 2 180
216. 44 3 tk 3 1 44 3 1
2 17. 44 5 1 2 2 44 2 2
218. 44 7 5 2 3 44 2 128
219. 44 9 3 2 4 44 2 42
220. 44 11 48 2 5 44 2 220
221. 45 5 helo 3 1 46 3 16
222. 45 7 RIYPE 1 2 46 0 0
223. 45 9 WFTYPE 1 3 46 0 0
224. 45 11 WFCAP 1 4 46 0 0
225. 45 13 VACAP 1 5 46 0 0
226. 45 18 belo 3 1 47 3 16
227. 45 20 SlYPE 1 2 47 0 0
228. 45 22 IX 1 3 47 0 0
229. 45 24 17 1 4 47 0 0
230. 45 26 WITYPE 1 5 47 0 0
221. 45 31 helo 3 1 48 3 16
232. 45 33 %YPE 1 2 48 0 0
233. 45 35 Ix 1 3 48 0 0
234. 45 37 I! 1 4 48 0 0
235. 45 39 lRVUK 1 5 48 0 0
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* . -. t- . ...° - .7 w -- . . -. . - .. . °. - , , ;

151. 3 3 tk 3 1 31 3 1
1!2. 31 5 1 2 2 31 2 2
153. 31 7 5 2 3 31 2 128
1!L4. 31 9 3 2 4 31 2 42
155. 31 11 a3 3 5 31 3 75
1 E6. 32 3 tk 3 1 32 3 1
157. 32 5 1 2 2 32 2 2
158. 32 7 1 2 3 32 2 2
159. 32 9 3 2 4 32 2 42
160. 32 11 40 2 5 32 2 160
161. 33 3 tk 3 1 33 3 1
162. 33 5 1 2 2 33 2 2
163. 33 7 2 2 3 33 2 22
164. 33 9 3 2 4 33 2 42
165. 33 11 5C 2 5 33 2 165
166. 34 3 fac 3 1 34 3 6
167. 34 5 1 2 2 34 2 2
168. 34 7 1 2 3 34 2 2
169. 34 9 4 2 4 34 2 69
170. 34 11 5 2 5 34 2 128
111. 35 3 atgm 3 1 35 3 11
172. 35 5 1 2 2 35 2 2
17--. 35 7 1 2 3 35 2 2
174. 35 9 3 2 4 35 2 42
175. 35 11 20 2 5 35 2 175
176. 36 3 helo 3 1 36 3 16
177. 36 5 1 2 2 36 2 2
178. 36 7 2 2 3 36 2 22
179. 36 9 2 2 4 36 2 22
180. 36 11 8 2 5 36 2 180181. 37 3 tk 3 1 37 3 1
182. 37 5 2 2 2 37 2 22
16-2. 37 7 3 2 3 37 2 42
184. 37 9 3 2 4 37 2 42
185. 37 11 28 2 5 37 2 185
186. 38 3 helo 3 1 38 3 16
1E7. 38 5 2 2 2 38 2 22
188. 38 7 3 2 3 38 2 42
189. 38 9 3 2 4 38 2 42
190. 38 11 12 2 5 38 2 190
l11. 39 3 atgm 3 1 39 3 11
192. 39 5 2 2 2 39 2 22
19.". 39 7 3 2 3 39 2 42
194. 39 9 3 2 4 39 2 42
195. 39 11 22 2 5 39 2 195
196. 40 3 fac 3 1 40 3 6
197. 40 5 2 2 2 40 2 22
198. 40 7 3 2 3 40 2 42
199. 40 9 4 2 4 40 2 69
200. 40 11 8 2 5 40 2 180
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PESA7ISFYING GOAL....

ICLASS - helo
WTr!PE - 2
LX - 3
LY 3
WAT~YPE a3
WNUII 12

RESAUISFYING GOAL....
y es

WCLASS - atga
WTYXPE - 2
LX - 3

WATYPE - a5
VNiUMi 22

RESATISFYING GOAl....
y es

WCLASS - fac
RTYPE - 2
LX - 3

LX - 4
WATYPE - a6
WNUM1 8

PESATISFYING GOAI....
YWCLASS - tic

* WTE!PE - 2
LX - 2

WATYPE - al
WNUMh 4 L2

RESM~SFYING GOAI....
yes WCLASS ag

LX - 3

WATYPE a4
WiBUiM1

RESAIISFYING GOAI....
yesWVCLASS 

- fac
WTXPE - 1

WATYPE - a6VNUM 8
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EESA'IISFYING GOkl....
yes =~AS fac

W'IYE = 1
LX = 5
LY 2
WATYPE = a3

WI4UH = 8
RESM~SFYING GOAL....

yesWCAS tk

W'IYE = 1

WRATYPE = al
wvUm 4 18

RESA7ISFYING GOAL....
yes =CAS tk

WTYPE = 1
LX = 5
LY 3
WATYPE = a3
WNUMi 48

RESA'IISFYING GOAL....
nc

*EXECUTION ENDS....
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APPENDIX 0

SAMEL PEOGEAN 5

WP...uel tk ,1fl,500,5000
wr fuel fac ,1,.f2,800,4&000.
w -fuel at qm,1,f 3,400,3000.
W -fuel he lo,1,f 2,250,1000.wP -uel tkc I2,f4I,600,5500.
wE -fuel fac ,2,f2,900,6000.

:p-fuel at qm,2,f5,500,3500.
F- fuel helo, 2,f3,350,2000.

wp-fuel atgz,3,f6,1450 3800.
wp ammo tk ,1,1,3,al2
wFammo tk ,1,2,3,al
wF ammo tk ,1,2,3,a2
wpammo fac , 1,4L,a6
wpammo fac ,1,1,14,a3
wpamo at qm,1,1,3,a4i

*w wammo heyo ,1,2,2,a4
w -ammo helo,1,2,2,a3
vp-ammo tk ,2,3,3,al
wp-amno tk .2,3,--,a3
wp-aumo helo,2,L3,3,a6
wpammo helo,2,3,3,a3
wp-ammo at gm,2,3,3, a5
wpammo fac ,2,3,4,a6
wpammo tk , 2,,3,al
wpammo tk ,3,5,3,a3
w ammo at qm,3,5 ,3,a4
wpammo L.ag 1,5,2,a6
wpammo fac ,1,5,2e,a3.

wp -amo tk 1 5 - a3.
w num tk 1,;4 .
wp flum tk ,1,2,3,50.
w fluD fac ,1l,4, 5
"vpnum atgm,1,1,23,20
" flum helo,1,2,2, 8
" _num tk ,2,3,23,28
wl.num helo,2,3,3.12
w nun atgm,2,3,2,22
WEpnum iac ,2,3,4, 8
wpnum tk ,2,203,42
wp.num atgm,3,5,.3,18
wp -num fac ,1,5,2, 8
wF.num tk ,1,5 3 48
guerjy:-wp ammo(CfAS WTYPF LX LY WATYPE),

wp num( WCLASS,fiTYPE,LX,LY,§NUK).
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OUTPUT OF PROGRAM 5

EEUTION BEGINS....
yesWCAS tk

W7P 1
LX 1

WATYPE = al
wNiuN = 40

BESATISFYING GOAI....
ysWCIlASS = tk
ITPE = 1
LX = 1

WATYPE = a2
wvU1m 40

RESA!ISF!ING GOAL....
yes

WCLASS = tk
W7YPE = 1
LX = 2
LY 3
WATYPE = al
WNUM 50

'REMAISFYING GOAL....
YESICASS = tk
WRIYPE = 1
LX = 2

WATYPE = a2
wiuim 50

RESA'IISF!ING GOAl....
ysWCLASS = fac

W~rYPE - 1
LX = 1

WATYPE = a6
WNUII 5

RESATISFYING GOAl....
YE fac

WCLASS -a

hIYPE = 1
LX = 1

WATYPE = a3
U~ W!b(J M 5
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RE5AISFYING GOAL....
NUCASS = atgm
WTYPE = 1

WATYPE = aL4
VIM 20

RESAISFYIEiG GOAL....
y4SWCLASS = helo
R!YPE 1

Ix= 2

WATYPE = a4
w~um 8

RESATISFYING GOAL....

NCLASS = helo
WTYPE 1
LX = 2

WATYPE = a3
1-7 BU? M

EESATISFYI1IG GOAL....
2CES S tk

* WTEYPE = 2
LX = 3

WATYPE = al
w1ium 28

RESAIISFYING GOAL....
ysWCLASS = tk
WTYPE = 2

WATYPE = a3
141UN 28

BEEA1SFYING GOAL....
yes ICLASS = helo

IW YPE = 2

WATYPE = a6
wI~Um 12J
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RISATISFYING GOAl.....
YES CLASS = helo
WTIPE = 2
LX - 3
IX 3
WATYPE = a3
WNUII 12

FESATISFYING GOAI....
YES WCLASS = atgni

ITYPE = 2
LX - 3
LY - 3
WATYPE = a5
WNUM 22

E5ATISFYING GOAI....
ysWCIASS = fac
i'IYPE = 2
LX - 3
I.!4
WA'I!PE a6
WNiUN 8

EESATISFYING GOAl....
ye CLASS = tk

w~XPE = 2
LX - 2
LY 3
WASYPE = al
W14UII 42

RESATISFYING GOAL....

WCLASS = atyui
FIXPE = 3

LX 3
WATYPE = a4
WNiUII 18

RESA'IISFYING GOA....
ysWCLASS fac
;iTYPE =1
LX - 5

WATYPE = a6WNUM-8
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RESAISF!ING GOAL....
yes 

-CAS f aca WTXPE = 1
IX = 5
LX 7 2
WATYPE a a3
WpuH 8

RESA71ISFYING GOAL....
ysWCIASS = tk
IhYPE - 1
LX - 5

WATYPE al
W'NUl 48

RESA71ISFYING GOAL....
ye CLASS tk
WTIPZ 1
LX - 5

WATYPE = a3
= 48

EESA71SFYING GOAl....
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